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INTRODUCTION 


The present article belongs in a series of revi¬ 
sions of Cretaceous and Tertiary fossil termites. 
Emerson (1933, 1965, 1968a, 1968b, 1969) 
described all available species of the Masto- 
termitidae, Hodotermitidae, and Kalotermitidae 
from firsthand examination. Four genera and 
15 species of Tertiary Rhinotermitidae are de¬ 
scribed herein, including two new species of 
Coptotermes , one species of Heterotermes , eight 
species of Reticulitermes , and four species of Para - 
stylotermes. Only Parastylotermes is wholly fossil, 
but closely related to the redescribed living 
Stylotermes of the Oriental Region. Fossil species in 
Pleistocene or Recent gum copal are not re¬ 
described. The relationship of living genera and 
species, taxonomy, phylogeny, zoogeography, 
paleoecology, and dependent associated orga¬ 
nisms are discussed. 

The degree of evolutionary unity of intra¬ 
species social populations and the interspecies 
ecosystem is discussed, together with the recipro¬ 
cal phylogeny of rhinotermitid hosts, intestinal 
flagellates, and termitophilous beetles (Staphy- 
linidae). 

The following abbreviations are used: 

AMNH, the American Museum of Natural History 
FMNH, Field Museum of Natural History 
GS, Geologischen Staatsinstituts, Hamburg 
LAGM, Los Angeles County Museum, Los Angeles 
MCZ, Museum of Comparative Zoology, Cambridge 
MM, Mineralogic Museum, Copenhagen 
MP, Museum of Paleontology, University of Cali¬ 
fornia, Berkeley 

USNM, United States National Museum, Smith¬ 
sonian Institution 

UZM, Universitetets Zoologiske Museum, Copen¬ 
hagen 
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FAMILY RHINOTERMITIDAE FROGGATT 


Much of the early nomenclatural history of 
the Rhinotermitidae was listed by Snyder 
(1949, p. 64). Froggatt (1896, p. 518) named the 
subfamily Rhinotermitinae that was subsequent¬ 
ly raised to family rank (Light, 1921, pp. 25, 
48). Froggatt (1896), Emerson (1955), Chatter- 
jee and Thakur (1964), and others have included 
or excluded some genera that are presently re¬ 
classified. 

The taxon, Rhinotermitidae, was incorrectly 
named Mesotermitidae by Holmgren (1911, 
pp. 13, 61), who made some nomenclatural 
errors, but who distinguished several subfamilies 
recognized herein. Holmgren (1911, p. 82) 
included the subfamily Serritermitinae which 
Emerson (1965, p. 17) raised to the family 
Serritermitidae. Haupt (1956, pp. 23, 28) in¬ 
cluded some rhinotermitids in the nomenclatur- 
ally invalid Isopteridae. Chatterjee and Thakur 
(1964, pp. 149, 159) raised the subfamily Stylo- 
termitinae to family rank, but Emerson (1965, 
pp. 17, 38) treated this taxon again as a sub¬ 
family. 

Although there have been confusions and 
differences of opinion, the family Rhinotermit¬ 
idae is a monophyletic taxon with numerous 
distinguishing characters in the imago-worker 
mandibles (Ahmad, 1950), and in many other 
associated structures. There should be no diffi¬ 
culty in placing any species or genus in the 
Rhinotermitidae if sufficient characters of all 
castes are known. One genus, Glossotermes , 
presently known from a single soldier, was tenta¬ 


tively included in the Rhinotermitidae (Emer¬ 
son, 1950). Macrorhinotermes is known from a 
unique imago, M. maximus Holmgren (1913), 
herein treated as a distinct genus of the Rhino¬ 
termitinae. Several fossil species described from 
fragments of imagoes or wings are assigned 
tentatively to genera, and a few living species 
unavailable to the author are in need of re¬ 
examination. 

Fifteen genera are placed in six subfamilies 
of the Rhinotermitidae: Coptotermitinae Holm¬ 
gren includes Coptotermes Wasmann; Psammo- 
termitinae Holmgren includes Glossotermes Em¬ 
erson and Psammotermes Desneux; Hetero- 
termitinae Froggatt includes Heterotermes Frog¬ 
gatt and Reticulitermes Holmgren; Termito- 
getoninae Holmgren includes Termitogeton Des¬ 
neux ; Stylotermitinae Holmgren and Holmgren 
includes Parastylotermes Snyder and Emerson and 
Stylotermes Holmgren and Holmgren; Rhino¬ 
termitinae Froggatt includes Prorhinotermes Sil- 
vestri, Macrorhinotermes Holmgren, Parrhinotermes 
Holmgren, Schedorhinotermes Silvestri, Rhinotermes 
Hagen, Dolichorhinotermes Snyder and Emerson, 
and Acorhinotermes Emerson. 

Of the six subfamilies, four have Tertiary fossil 
species. Coptotermes , Heterotermes , and Reticuli¬ 
termes are living genera with Tertiary fossils. 
Parastylotermes is known only from Tertiary 
fossils. Schedorhinotermes (=Rhinotermes sp., Rosen, 
1913, p. 333) is recorded from Zanzibar copal of 
Quaternary (Pleistocene) or Recent age. 


PHYLOGENY OF THE RHINOTERMITIDAE AND INCLUDED GENERA 


The evidence and established principles for 
phylogenetic inference are not explicitly stated 
in most systematic investigations. Termites pro¬ 
vide data that enable critical evaluations of evo¬ 
lutionary processes derived from comparative 
studies of individual organisms. 

The relation of the genome to epigenetic 
growth, development, and differentiation is an 
active field of investigation, and some principles 
basic to taxonomy and phylogeny are emerging. 


Tomkins et al. (1969, p. 1474) wrote: “It is 
generally acknowledged that the genetic infor¬ 
mation in most complete cells of a complex meta¬ 
zoan organism is identical with that of every 
other cell. Within a given organism the tre¬ 
mendous diversity of cell phenotypes must there¬ 
fore derive from the fact that each cell expresses 
only a limited amount of its full genetic potential 
and that different cell types express different 
portions of their genome.” The process “requires 
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an orderly progression (and repression) of gene 
activities until the highly structured end state is 
reached.” 

The same concepts are applicable to a whole 
differentiated and integrated insect society com¬ 
posed of individual multicellular organisms. A 
degree of heterozygosity may occur between 
individuals in a termite colony with the same 
parents, but ontogenetic caste differentiation is 
not dependent on genetic differences in the eggs, 
except when sex determination is involved 
(Miller, 1969; Noirot, 1969). The same genome 
influences the development or inhibition of 
characters under different physiological or ecol¬ 
ogical conditions, and at different times in the 
individual or populational life cycle. 

It is not surprising that some parts of an orga¬ 
nism or intraspecies social system have different 
rates of evolutionary change, and that one organ 
or caste may be primitive, whereas another is 
derivative. For example, the imago caste gener¬ 
ally is more primitive than the soldier caste of 
the same taxon. 

The characters that are known doubtlessly are 
a minute portion of the presumed totality. A 
large number of characters of all castes affords 
greater reliability of observed order and inter¬ 
pretation, provided each character has a com¬ 
plex genetic basis relevant to phylogenetic com¬ 
parisons and sequences. 

Characters used by taxonomists are not neces¬ 
sarily equivalent either for classification or 
phylogenetic interpretation. The same genes 
may influence the development of several char¬ 
acters, or different portions of the genome may 
influence a character treated as an observable 
entity. A summary of characters used to define a 
taxon may not always reflect fundamental bio¬ 
logical similarity or divergence. However, the 
consistencies of patterns and degrees of variation 
are far too great to be dismissed as meaningless. 

Directional trends in the evolution of termites 
are detected by comparison between taxonomic 
categories that exhibit both progressive adapta¬ 
tions and regressions. The intensity of selection 
pressure differs greatly in the evolution of an 
adaptation as contrasted with the regression of a 
former adaptation, and the genetic basis is prob¬ 
ably far more complex in an evolving function 
than in loss of function (Emerson, 1961). 

Ample evidence points to the evolution of the 
Isoptera from primitive late Paleozoic or early 
Mesozoic cockroaches. The wingless cockroaches 


of the family Cryptocercidae are the closest 
living blattoids, although the Isoptera probably 
branched from a blattoid ancestor with mem¬ 
branous forewings. No cockroach is known with 
a humeral suture at the base of each wing—an 
adaptation that functions for shedding the major 
portion of the wings in the reproductive caste of 
these social insects. The humeral suture is dis¬ 
tinct in the forewing of all species, and is also 
present in all hind wings, although inconspicu¬ 
ous in some primitive genera. It is assumed that 
a homologous character in termites that more 
closely resembles that of a cockroach is more 
primitive. Structural, developmental, physio¬ 
logical, or behavioral homologies result from 
genetic homologies of effective components of 
genes or gene systems (Emerson, 1961). 

Numerous characters indicate that the Rhino- 
termitidae evolved from an unknown group of 
termites that possessed ocelli, but were other¬ 
wise similar to the primitive Hodotermitidae 
(Emerson, 1968b). With the exception of the 
ocelli, any homologous character of the Rhino- 
termitidae that resembles primitive Hodo¬ 
termitidae is considered primitive. 

A major adaptation of the Rhinotermitidae is 
the defensive frontal gland of the head with its 
fontanelle opening. Frontal glands are not found 
in the Mastotermitidae, Kalotermitidae, or 
Hodotermitidae, but are well developed in all 
the Rhinotermitidae, Serritermitidae, and most 
Termitidae (regressed in a few advanced 
genera). The evolutionary trend of a character 
also is detected by comparing the derived 
Termitidae to their ancestral Rhinotermitidae. 

Characters once lost or reduced do not re¬ 
appear in evolutionary sequences of termites 
(Dollo’s Rule). For example, a genus or species 
with a large number of antennal articles is 
primitive compared with a taxon having fewer 
articles in each adult caste. Some variation in 
range within a species can be caused by de¬ 
velopmental processes rather than genetic 
determination, and only those characters with a 
genetic basis are of phylogenetic importance 
(Emerson, 1961, 1962). 

Adaptive characters under strong selection 
pressure arise from more primitive ancestors 
lacking these adaptations. In the Rhino¬ 
termitidae, the evolution of more effective 
defensive capabilities is considered progressive, 
particularly the frontal gland secretion or 
greater biting ability of the soldier caste. 



250 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


VOL. 146 


When some species of a genus have a primi¬ 
tive character and others a derivative character 
the most primitive should be used for judging 
generic relationships. When some species of a 
genus have distinct ocelli, and other species have 
vestigial ocelli, the ancestral species must have 
had functional ocelli [Heterotermes) . In the case 
of Reticulitermes , the larger number of antennal 
articles of some species is more important for 
phylogenetic interpretations than the reduced 
number in others. 

Some characters are variable in one genus and 
stable or regressed in another. Such relatively 
independent characters may be correlated with 
one another in a constellation that evolves as a 
system in some taxa (Britten and Davidson, 
(1969). Some correlations between characters 
may be due to epigenetic effects of pliotropy, 
and these are not always easily distinguished 
from associated characters due to multiple 
independent genes evolving together in a sys¬ 
tem. However, the great majority of taxonomic 
characters are epigenetic expressions of multiple 
genes. These are illustrated by consistent small 
variations of a homologous character in related 
taxa, but relatively invariant within a single 
taxon. 

Characters may have varying degrees of 
positive or negative selection of functions. Some 
functions are known or surmised, but many are 
not detected by present techniques applied to 
termites. Doubtless some functions operate 
within the genome or the physiology of the 
individual organism, others in the intraspecies 
society, whereas still others adjust the species as 
a whole to its physical and biotic environment. 
Structures may have an observed mechanical 
function, such as the humeral suture of the wing 
or the biting mandibles of the soldier, but many 
structures of taxonomic importance result from 
unknown or obscure physiological or develop¬ 
mental functions. The evolution of a functional 
character usually is a more complex genetic 
change than the regression of a former adapta¬ 
tion no longer under strong selection pressure 
(Emerson, 1961). 

A character that appears two or more times in 
separate lineages is analogous and not homolo¬ 
gous. If the basic structure has much homology, 
but independently progresses or regresses, the 
analogous changes are often referred to parallel 
evolution. For example, the lack of ocelli in all 
known genera of the Hodotermitidae is a homo¬ 


logous regression within this family, but the lack 
of ocelli in some species of Heterotermes is an 
analogous or parallel regression in one genus of 
the Rhinotermitidae. The common ancestor of 
the Hodotermitidae and Rhinotermitidae surely 
possessed two distinct ocelli in the imago caste. 
Another example of analogous reduction is the 
loss of the outer spur of the front tibia in Para - 
stylotermes , some species of Prorhinotermes , and 
Acorhinotermes . Each of these genera is more 
closely related to genera with an outer spur on 
the front tibia than they are to each other. The 
tibial spurs of the three pairs of legs may evolve 
independently from 3/2/2 to 2/2/2 in different 
taxons of the Rhinotermitidae, but never from 
2/2/2 to 3/2/2. 

An example of presumed high degree of 
homology within a multiple gene system is the 
generalized dentition of the mandibles of the 
imago caste of all rhinotermitid genera (Ahmad 
1950, fig. 7). These closely resemble the denti¬ 
tions of primitive cockroaches and primitive 
genera of the Hodotermitidae ( Archotermopsis , 
Stolotermes, and Ulmeriella) and are characterized 
by separated first, second, and third marginal 
teeth of the left mandible. Also, the subsidiary 
tooth at the base of the first marginal tooth of the 
right mandible of the imago has continuity from 
the primitive Hodotermitidae, through all 
genera of the Rhinotermitidae, to the primitive 
genera of the Termitidae. Although differing in 
the proportional size of the marginal teeth of the 
left mandible, the dentition of the imago man¬ 
dibles in various genera of the Rhinotermitidae 
is relatively invariant compared with the genera 
of the Hodotermitidae and Termitidae. 

Gradations are used to judge relative primi¬ 
tiveness or derivativeness between two taxa, even 
though the characters may not be generally 
primitive. For example, the minor soldier is 
derivative compared with the monomorphic 
mandibulate soldier, but the mandibular teeth 
of a minor soldier ( Schedorhinotermes ) are rela¬ 
tively primitive compared with the reduction of 
teeth in the more advanced minor soldier 
(. Rhinotermes ). 

The consistency or lack of consistency of 
genetically induced characters supplies the basis 
of taxonomy and systematics correlated with 
phylogeny. The degree of consistency can be 
tested by numerical and computerized data as 
advocated by numerical taxonomists, provided 
biological principles relevant to evolution are 
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understood. The addition of new characters of the Rhinotermitidae are insufficient to add 

more often than not verifies concepts of rela- much to the tentative hypotheses presented 

tionships of termites, although the substantiating herein (fig. 1). Noirot and Noirot-Timothee 

data and interpretations of earlier classifications (1969, p. 64) found the digestive tube of Reticuli- 

should be reviewed and corrected when neces- termes and Coptotermes extremely similar, each 

sary. More accurate comparisons and new tech- with an oval crop not separated from the gizzard, 

niques steadily increase pertinent information. similar armature, eight Malpighian tubules, 

The recently discovered characters of the intes- first proctodeal segment with six longitudinal 

tines (Noirot and Noirot-Timothee, 1969), and swellings in two parts, and the posterior part of 

the studies of the molar plates of the imago- the three principal swellings bearing a series of 

worker mandibles by Sands, have increased our strong spines in front. Field and laboratory 

understanding of phylogenetic relationships, observations do not indicate marked divergence 

particularly in the Termitidae. Unfortunately of food types. All genera feed upon wood, cellu- 

for the present discussion, studies of the genera lose, or products of cellulose breakdown, and do 
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Fig. 1. Hypothetical phylogenetic relations, time of origin, region of origin, and geographical occurrence 
of fossil and living genera of the Rhinotermitidae. Dotted lines based upon structural relations. Dashed lines 
based upon structural and geographical relations. Solid lines based upon known fossils. X=known specimens. 
0=0riental Region. A=Australian Subregion. P=Papuan Subregion. E=Ethiopian Subregion (tropical 
and southern Africa). M = Malagasy Subregion. Neo.= Neotropical Region. Pal. = Palearctic Region. Nea.= 
Nearctic Region. 
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TABLE 1 

Postulated Characters of the Unknown 
Ancestral Genus of the Rhinotermitidae 

Imago 

1. Many hairs or thin bristles on head; without 

dense mat of short hairs 

2. Wing membrane, veins, and margins with 

abundant short hairs 

3. Size relatively large 

4. Head widely oval with convex sides from above 

5. Fontanelle and frontal gland small 

6. Fork of Y-suture distinct 

7. Eye relatively large 

8. Eye nearly round, margin near antennal fossa 

slightly convex 

9. Eye from above with convex outer margin pro¬ 

jecting beyond side of head 

10. Ocellus large, distinct, close to eye 

11. Antenna with 22 or more articles 

12. Third antennal article relatively short 

13. Left mandible with three distinct marginal teeth, 

first smaller than second; right mandible with 
two marginal teeth and a subsidiary tooth at 
base of apical edge of first marginal tooth 

14. Postclypeus relatively short in proportion to 

width 

15. Postclypeus flat in profile 

16. Postclypeus not projecting over base of labrum 

17. Profile near junction of front of head and post¬ 

clypeus with conspicuous angle 

18. Width of pronotum close to or slightly narrower 

than head 

19. Low ridge immediately behind front margin of 

pronotum; slightly indented in middle 

20. Sides of pronotum rounded from above 

21. Front tibia with three spurs, middle and hind 

tibiae with two spurs (in all castes) 

22. Tarsus with four articles (in all castes) 

23. Forewing scales proportionally large, overlapping 

base of hind wing scales 

24. Wing membrane with dense punctations over 

most areas 

25. Conspicuous strong thickened slanting veinlets 

that resemble cross veins, in large areas in apical 
portion of wing membrane 

26. Subcosta (Sc) separated from costal margin 

beyond humeral suture of forewing 

27. Radius (R) gradually diverging from costal 

margin from base to near apical junction 

28. Media (M) branched; separated from radius in 

forewing; joined with radius near humeral su¬ 
ture in hind wing 

29. Media about midway between radius and 

cubitus (Gu), or closer to radius in middle 

30. Short unbranched anal vein beyond suture in 

hind wing 

31. Styli present in male 


Soldier 

32. Head moderately hairy 

33. Monomorphic (size range may be large) without 

distinct minor soldier or minor soldier type 

34. Head (largest in series) comparatively large 

35. Fontanelle and frontal gland comparatively 

small, opening behind level of antennal fossae 
from above 

36. Front of head flat or slightly concave 

37. Eye spot distinct 

38. Eye spot pigmented 

39. Eye spot with vestiges of facettes 

40. Antenna with 18 or more articles 

41. Third article of antenna relatively short and 

small 

42. Postclypeus relatively short, flat, with median 

longitudinal line; suture with front of head 
distinct 

43. Labrum proportionally wide with broad convex 

front margin 

44. Right and left mandible each with two distinct 

marginal teeth; angular indentations between 
marginal teeth and between apex and first 
marginal tooth 

45. Pronotum proportionally wide and flat 

46. Front margin of pronotum slightly concave, 

straight or slightly convex 

47. Right and left coxae relatively close together 

48. Front tibia with three spurs, middle and hind 

tibiae with two spurs (all castes) 

49. Outer spur of front tibia proportionally long 

50. Tarsus with four articles (all castes) 

51. Styli present 


not wander far from moist-ground connections 
with the central nest. If phylogenetic characters 
are found in the intestinal structures or molar 
plates of the Rhinotermitidae, they probably 
will be far less marked than in the Termitidae 
that have great divergence in type of food. Bio¬ 
chemical sequences may prove of value for 
phylogenetic relationships, but no studies of this 
nature have been made on termites. 

The systematist is aware of many nonstruc- 
tural characters that are correlated with mor¬ 
phology. Behavior, nests, type of food, associated 
organisms, geographic range, and ecological 
occurrence are coordinated with classical taxo¬ 
nomic characters. From one set of characters it 
is often possible to predict unknown sets of 
characters. For example, one can predict the 
generic characters of the soldier caste associated 
with the generic assignment of fossil imagoes. 

By the application of the methods and 
principles cited, it is possible to describe the un¬ 
known ancestral taxon at the base of the phylo- 
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TABLE 2 

Unidirectional Evolutionary Trends of Taxa in the Rhinotermitidae 


Primitive 


Derivative 


Imago 


1. Numerous moderately long hairs on head 


2. Many hairs on wing membrane 

3. Many hairs on wing veins 

4. Many hairs on costal or inner wing margins 

5. Relatively large size 

6. Head widely oval, sides convex 

7. Head long and oval 

8. Fontanelle small, inconspicuous 

9. Part of Y-suture present 

10. Eye proportionally large 

11. Eye nearly round 

12. Eye prominent, strongly convex 

13. Ocellus large, distinct 

14. Ocellus close to eye 

15. Antennal articles more numerous 

16. Third antennal article proportionally small 

17. Conspicuous angle at junction of front of head 

and postclypeus 

18. Postclypeus proportionally short 

19. Profile of postclypeus flat 

20. Front of clypeus not prolonged over base of labrum 

21. First marginal tooth of left mandible smaller than 

second 

22. Pronotum wide in proportion to head 

23. Front of pronotum with low ridge and slight 

indentation in midde 

24. Sides of pronotum conspicuously rounded in 

middle from above 

25. Tibial spurs 3/2/2 

26. Four tarsal articles 

27. Forewing scales large, overlapping base of hind 

wing scales 

28. Wing membrane with conspicuous dense punctations 

except near base 

29. Thickenings or veinlets between veins distinct 

and numerous 

30. Subcosta (Sc) separate from costal margin beyond 

suture of forewing 

31. Radius (R) diverges from costal margin in forewing 

32. Media (M) branched 

33. Media present in forewing and hind wing 

34. Media relatively closer to radius in middle of wing 

35. Short anal vein beyond suture in hind wing 

36. Male with styli 


37. Frontal gland relatively small, pear-shaped 

38. Fontanelle opening small 

39. Fontanelle behind level of antennal fossae from above 

40. Head in front of fontanelle flat or slightly concave 

41. Head relatively thick 


Hairs on head fewer, longer, or many short hairs 
forming a mat 

Few or no hairs on wing membrane 
Few or no hairs on wing veins 
Few or no hairs on costal or inner wing margins 
Relatively smaller size 

Head narrow, sides slightly convex or straight 
Head short, widest behind eyes 
Fontanelle larger, conspicuous 
Y-suture inconspicuous or absent 
Eye proportionally small 
Eye subtriangular 
Eye less prominent, flatly convex 
Ocellus small or regressed 
Ocellus more than its length from the eye 
Antennal articles less numerous 
Third antennal article proportionally large 
Profile of junction of front of head and postclypeus 
level or with inconspicuous angle 
Postclypeus proportionally long 
Profile of postclypeus arched 
Front of clypeus prolonged over base of labrum 
First marginal tooth of left mandible equal to or 
larger than second 

Pronotum narrow in proportion to head 
Front of pronotum with high ridge, strongly convex 
in middle, or prolonged, not indented in middle 
Sides of pronotum slightly rounded or straight in 
middle from above 
Tibial spurs 2/2/2 
Three tarsal articles 

Forewing scales proportionally smaller, often not 
overlapping base of hind wing scales 
Punctations on wing membrane less dense or 
absent 

Thickenings or veinlets between veins reduced or 
absent 

Subcosta (Sc) fused with costal margin or absent 
beyond suture of forewing 

Radius (R) parallel with costal margin in forewing 
Media (M) unbranched 
Media absent in one or both wings 
Media relatively closer to cubitus or fused with 
cubitus in middle of wing 
Anal vein absent beyond suture in hind wing 
Male without styli 
Soldier 

Frontal gland relatively large, elongated 
Fontanelle opening large 
Fontanelle farther forward in position 
Head in front of fontanelle grooved or ridged 
Head thin, flattened 
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TABLE 2—( Continued ) 


Primitive Derivative 


42. Eye spot large, conspicuous 

43. Eye pigmented 

44. Eye with vestigial facettes 

45. Antennal articles more numerous 

46. Basal articles of antenna unmodified 

47. Postclypeus proportionally short 

48. Profile of postclypeus flat 

49. Postclypeus with longitudinal line in middle 

50. Labrum proportionally wide, front margin convex 

51. Marginal teeth of mandibles distinct 

52. Mandibles serrated 

53. Pronotum wide, relatively flat 

54. Front margin of pronotum straight or slightly 

convex 

55. Sides of pronotum roundly convex from above 

56. Right and left coxae relatively close 

57. Femora not markedly swollen 

58. Tibial spurs 3/2/2 

59. Outer spur of front tibia as long as inner spurs 

60. Tarsus with four articles 

61. Styli present 

62. Monomorphic without distinctive minor soldier 

63. Minor soldier with toothed mandibles 

64. Both major and minor soldier present 


Eye spot small or absent, inconspicuous 
Eye unpigmented 
Eye without vestigial facettes 
Antennal articles less numerous 
Basal articles of antenna relatively elongated 
Postclypeus proportionally long 
Profile of postclypeus arched 
Postclypeus without longitudinal line in middle 
Labrum proportionally narrow, front margin poin¬ 
ted or bilobed 

Marginal teeth of mandibles reduced or absent 
Mandibles without or with reduced serrations 
Pronotum narrow, relatively saddle-shaped 
Front margin of pronotum strongly convex or 
prolonged 

Sides of pronotum straight or strongly converging 
toward rear 

Right and left coxae widely separated 
Femora markedly swollen 
Tibial spurs 2/2/2 

Outer spur of front tibia much shorter than inner 
spurs 

Tarsus with three articles 
Styli absent 

Dimorphic with distinctive minor soldier 
Minor soldier with toothless vestigial mandibles 
Major soldier absent; minor soldier with vestigial 
mandibles present 


genetic tree of the Rhinotermitidae (table 1). It 
is also possible to postulate unidirectional trends 
of evolution in diverging related genera (table 2). 
From such postulates, one can derive phylo¬ 
genetic relationships of various taxa (fig. 1), and 
these hypotheses can be tested as new characters 
and new techniques add to existing information. 

Most genera in other families of termites are 
arranged in phylogenetic series with consider¬ 
able consistency and conviction. In the Rhino¬ 
termitidae, however, the main trunk of the 
phylogenetic tree is more hypothetical (fig. 1). 
Although the genera within each subfamily 
indicate phylogenetic relations and common 
ancestry, the relations of the subfamilies to one 
another are not well authenticated. It is postu¬ 
lated that phylogenetic intergrades between 
subfamilies became extinct before the Upper 
Cretaceous. Each subfamily and numerous 


genera have retained primitive characters at the 
same time that they have evolved derivative 
characters, and derivative characters may be 
convergent or parallel rather than homologous. 
No known genus combines a complete set of 
ancestral characters. Rates of evolution of parts 
of the same individual or social population 
differ, some changing relatively rapidly, whereas 
others show no significant change through long 
periods of evolutionary time. Evolution of some 
epigenetic effects of the same genome are rapidly 
progressing or regressing, whereas other effects 
are conservative or relatively stable. Homologies 
of taxonomic characters imply homology of 
effective parts of the genetic system at the 
molecular level, a concept that recent investiga¬ 
tions of phylogenetic relations of DNA, chromo¬ 
somes, and proteins are substantiating (Fitch, 
1970). 
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ORIGIN, DISPERSION, ECOLOGY, AND GEOGRAPHIC DISTRIBUTION 

OF THE RHINOTERMITIDAE 


Circumstantial systematic and geographical 
evidence (Emerson, 1955) indicates that all sub¬ 
families of the Rhinotermitidae had originated 
by Lower Cretaceous times, and that some 
modern genera were already established in the 
Upper Cretaceous (fig. 1). The direct evidence 
of fossils shows that several living genera were 
present in Lower Oligocene time about 38 
million years ago, near the middle of the 
Tertiary, which lasted from 65 to 3 million years. 
Inasmuch as several advanced genera of the 
derivative Termitidae with rhinotermitid an¬ 
cestors were probably dispersed during Upper 
Cretaceous time, it is possible, if not probable, 
that the extinct ancestral rhinotermitid origin¬ 
ated in the Upper Jurassic or Lower Cretaceous 
prior to the continental drift and separation of 
Africa and South America. The Hodotermitidae, 
Mastotermitidae, and Kalotermitidae probably 
diverged as early or earlier than the Rhino¬ 
termitidae, although the earliest known fossil is 
an advanced genus of the Hodotermitidae found 
in the lowest stratum of the Upper Cretaceous 
(Cenomanian) of Labrador of about 100 million 
years age (Emerson, 1968a). 

Evidence has accumulated favoring conti¬ 
nental drift, although details of the time and 
extent are controversial (Darlington, 1964; 
Meservey, 1969; Smith and Hallam, 1970). 
Bullard (1969) stated that it is virtually certain 
that the Atlantic Ocean did not exist 150 million 
years ago (mid-Jurassic). Earlier oceans and 
continental movements, particularly in the 
Northern Hemisphere, are more speculative. 
Emerson (1955) made some interpretations that 
differ from those below. Data are accumulating 
from year to year. Any theory is speculative, but 
the range of speculation is narrowing constantly 
(Bowen, 1966; Smith and Hallam, 1970). 

Flying termites are unable to establish colo¬ 
nies over a sea barrier of 100 miles. Usually 
shorter distances are effective. A continuous 
land mass or contiguous land masses (Pangaea 
or Gondwana) probably occurred in the South¬ 
ern Hemisphere in the Permian or early Triassic 
(180-225 million years ago). Two archaic and 
mainly south temperate genera of Hodotermit¬ 
idae (Stolotermes and Porotermes) are found 
together in Tasmania, Australia, and South 


Africa, one (. Porotermes) in Chile, and one {Stolo¬ 
termes) in New Zealand. 

Dietz and Sproll (1970) gave indications of a 
split of Permian Gondwana, with an initial split 
of Antarctica away from Africa in late Triassic, 
and South America away from Africa at the end 
of the Jurassic or Lower Cretaceous (Reyment, 
1969). Australia also separated from Antarctica. 
Smith and Hallam (1970) postulated times of 
separation of fragments of ancient Gondwana 
with New Zealand and Australia separating 
independently from Antarctica in the Jurassic, 
and South America separating from Africa 
during Jurassic and Lower Cretaceous. Triassic 
fossil amphibians (Labyrinthodontia) and rep¬ 
tiles ( Lystrosaurus ) recently found in Antarctica 
show relationships to fossils in Africa and Asia. 
Triassic reptiles (Cynodontia) of southern Africa 
and South America are related. These fossils 
indicate a large land mass with a warm climate 
prior to continental drift. Recent discoveries of 
Jurassic sediments at 17,485 feet below sea level 
east of San Salvador, Bahamas, indicate a part of 
the Atlantic existed during mid-Mesozoic times 
(Sea Secrets, vol. 12, no. 9, p. 5, October, 
1969). 

Postulated dispersal of advanced termites 
during Upper Cretaceous over tropical Bering 
land connections explains the closer faunal rela¬ 
tions of the Oriental and Neotropical termites, 
compared with the faunal relations of the Neo¬ 
tropical and Ethiopian regions that would be 
expected if the genera arose in Triassic to Lower 
Cretaceous times. Tropical North Atlantic con¬ 
nections apparently are less probable because of 
the closer faunal relations of the eastern Oriental 
Region to the Neotropical Region. No convinc¬ 
ing evidence is available for an Upper Creta¬ 
ceous termite faunal connection between South 
America and Africa, except by way of the 
Oriental Region, although the tropicopolitan 
distribution of some genera of the Kalotermitidae 
might have occurred prior to the origin of the 
tropical Atlantic, followed by extensive extinc¬ 
tion that destroyed statistical evidence of con¬ 
centration of numbers. The present author 
opposes the hypothesis of tropical connections of 
South America and Africa during Upper Cre¬ 
taceous. He favors a Triassic, Jurassic, or Lower 
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Cretaceous faunal exchange. Allard and Hurst 
(1969) provided geological and paleontological 
evidence for land connection and faunal ex¬ 
change between the eastern extension of Brazil 
and Gabon in western Africa from Upper Juras¬ 
sic through Lower Cretaceous. If Lower Cre¬ 
taceous exchange occurred, the tropical termite 
genera that show close affinities between the 
Neotropical and eastern Oriental regions pre¬ 
sumably date from the Upper Cretaceous. In 
addition to several genera of the Rhinotermit- 
idae, a number of advanced genera of the 
Termitidae belonging to the subfamilies Ami- 
termitinae, Termitinae, and Nasutitermitinae 
probably existed in the Upper Cretaceous. 
Valencio and Vilas (1969) gave evidence for the 
formation of the South Atlantic Ocean later 
than Lower Triassic, but before middle Cre¬ 
taceous. 

MacGinitie (1958, p. 63) cited studies by 
Durham who found reef-building corals only 
south of about 18°C. in the coldest month. 
Temperatures of 18°C. are postulated at latitude 
53°N. in late Cretaceous, and at 53-55°N. in 
the Eocene. These latitudes are north of a 
possible tropical land bridge between North 
America and Asia (Fischer et al., 1970, fig. 1). 
Bowen (1966) summarized evidence of tropical 
temperatures at latitude 60°N. during Jurassic 
times, and 20°C. at latitude 55°N. during Lower 
Cretaceous, but cooler temperatures are charac¬ 
teristic of Upper Cretaceous and Tertiary times 
at the latitude of Greenland and the Bering 
region. Tropical land connections south of the 
Aleutian chain possibly occurred, but are not 
confirmed. Artocarpus , the tropical breadfruit, is 
found in Cretaceous Greenland. Upper Kimer- 
idgian (Upper Jurassic) temperatures of 21.5°C. 
to 25.3°C. are recorded for East Greenland 
(Bowen, 1966). Climatic zonation was less 
marked during most of the Mesozoic than in the 
Tertiary, although temperate zones probably 
occurred at high latitudes in both the Northern 
and Southern hemispheres in late Mesozoic and 
Paleozoic. 

Macintyre and Pilkey (1969) showed that 
tropical reef corals thought to be intolerant of 
sea water colder than 20°C. are able to survive 
temperatures as low as 10.6°C. off North Caro¬ 
lina, and warned against ecological or paleo- 
ecological generalizations based on a single 
environmental parameter. 

The evidence of distribution of termites 


presently confined to the tropics is abundant, 
although altitudinal occurrence of otherwise 
tropical genera indicates that caution should be 
exercised. Microclimatic studies may partially 
explain apparent anomalies. Genera of the 
Rhinotermitidae {Coptotermes , Heterotermes) with¬ 
out unusual means of dispersal are presently 
found in all major tropical regions. These genera 
most probably originated in early or late Cre¬ 
taceous times when tropical land connections or 
approximations facilitated dispersion between 
the Oriental and Neotropical regions (see 
Emiliani, 1966), and between the Oriental and 
Australian regions. 

Concentration of a large number of species 
usually indicates the region of origin of termite 
taxa, although these data need to be augmented 
by other evidence. Some primitive relict termites 
may be found in peripheral geographical or eco¬ 
logical regions, but the Rhinotermitidae provide 
no examples of such distributions (see Hillenius, 
1964). Phylogenetic relations of both termites 
and their symbiotic protozoans and termito- 
philes provide added evidence of origin and 
dispersion. Limitation to tropical or temperate 
climates also may be used. Limits of tolerance to 
humid or xeric climates add another factor that 
assists interpretations. Advanced genera con¬ 
fined to one region, such as Rhinotermes , Dolicho- 
rhinotermes , and Acorhinotermes found in the Neo¬ 
tropical Region only, are probably indicative of 
a Tertiary origin. The more primitive tropical 
ancestor of these genera was close to if not 
identical with Schedorhinotermes. Schedorhinotermes 
presumably arose in the Oriental Region, dis¬ 
persed to the Australian Region in the Upper 
Cretaceous, dispersed to the Ethiopian Region 
in the Tertiary (absent in Madagascar), and the 
allied ancestral genus that gave rise to the Neo¬ 
tropical genera arrived in the late Cretaceous. 
Only related derivative genera are now found in 
the Neotropical Region. Other tropical rhino- 
termitid genera are Glossotermes (Neotropical) 
Termitogeton and Macrorhinotermes (Oriental), and 
Parrhinotermes (Oriental and Australian-Papuan). 

The most primitive genera are confined 
largely to the tropics, but two somewhat ad¬ 
vanced genera (living and fossil Reticulitermes\ 
wholly fossil Parastylotermes ) are known only from 
latitudinal or altitudinal temperate regions. 
Several of the genera with the majority of species 
found in the tropics have a few extensions into 
temperate zones ( Coptotermes , Psammotermes , Het- 
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erotermes , Stylotermes , and Prorhinotermes ). Pro - 
rhinotermes is the only rhinotermitid genus that 
provides convincing circumstantial evidence of 
natural dispersal by means of floating logs or 
vegetation. 

With the exception of the fauna of Mexican 
(Chiapas) amber, and Dominican Republic 
amber, all other fossil species of the Rhino- 
termitidae lived in temperate climates. A map of 
the distribution of amber deposits and their geo¬ 
logical ages (Langenheim, 1969, fig. 2) gives 
promise of the discovery of other tropical rhino- 
termitids in early Tertiary or late Mesozoic 
deposits. 

If the interpretations of time and place of 
generic origins are approximately correct, the 
genera show a remarkable climatic consistency 
from the Upper Cretaceous to the present. 
Psammotermes is found in both temperate and 
tropical regions (fig. 1), but always in dry 
deserts or steppes. The other rhinotermitid 
genera are largely confined to either tropical 
or temperate zones, often with different moisture 
toleration among species rather than genera. 
Many genera of the Rhinotermitidae, and the 
large majority of all termite genera, are key 
indicators of temperature and moisture limits, 
whether fossil or living. Overlap of temperate 
genera and tropical genera are exceptions rather 
than the rule. Coptotermes overlaps with Reticuli- 
termes along the Chinese coast and in southern 
Japan. Heterotermes overlaps with Reticulitermes in 
arid southwestern United States. Prorhinotermes 
occurs in mangrove swamps near upland areas 
inhabited by Reticulitermes in southern Florida. 

Caution against too dogmatic paleoecologic 
interpretations should be used. If a tropical 
fauna competes with a well-established temper¬ 
ate fauna, sharp demarcation often is observed. 
If, however, isolated mountains or southern por¬ 
tions of major continents, such as Australia, 
Africa, or South America, are available with 
little initial indigenous competition, some other¬ 
wise tropical genera invade warm temperate 
climates. Consistency of climatic distributions 


occasionally are statistical rather than absolute 
with no exceptions. 

It is concluded that primitive genera of the 
Rhinotermitidae arose in the Oriental humid 
tropics, and that temperate and xeric distribu¬ 
tions of both genera and species are ecologically 
derivative. The same hypothesis fits the data on 
the Termitidae, but is not generally applicable 
to the Kalotermitidae or Mastotermitidae. In 
contrast, the primitive genera of the Hodo- 
termitidae, both living and fossil, indicate major 
adjustments to temperate climates, and tropical 
invasions are derivative. The evidence for the 
time and place of origin of either of the two 
Holarctic genera ( Reticulitermes and Parastylo- 
termes) is meager, although an Old World origin 
before the Oligocene is consistent with the data. 

The lack of either living or fossil intergrades 
between known genera of the Rhinotermitidae 
may be due to early origin, extensive extinction 
in the Mesozoic and early Tertiary, and to the 
comparatively slow rate of evolution. The 
Mastotermitidae are Tertiary and recent relicts 
of earlier ancient stock (Emerson, 1955; 1965). 
The known genera of the Hodotermitidae are 
relicts of the Mesozoic, Tertiary, and present 
times (Emerson, 1933; 1955; 1968a; 1968b). 
The Kalotermitidae in general are semi-relicts 
(Emerson, 1955; 1969), but have numerous 
closely related genera surviving in ecologically 
or geographically peripheral areas. The phylo- 
geny of the genera is better understood in the 
Kalotermitidae than in the Rhinotermitidae. 
The large number of closely related genera of 
living Termitidae probably indicates a later and 
more rapid evolution and less extinction of inter¬ 
grades, although many of the most advanced 
termitids most probably were in the Upper 
Cretaceous faunas. Probably the Termitidae 
replaced many genera of the Rhinotermitidae in 
similar habitats in ancient times, as they tend to 
do at present. Apparently the Termitidae 
originated from primitive extinct Rhinotermit¬ 
idae in the tropical Orient at least by the Upper 
Cretaceous. 


RECIPROCAL PHYLOGENY OF HOST RHINOTERMITIDAE AND 
ASSOCIATED ORGANISMS 


Termitophilous Coleoptera 
Examples of reciprocal phylogeny (concomi¬ 
tant phylogeny or cophylogeny) of termito¬ 
philous beetles and their hosts are discussed by 


Seevers (1957) and Kistner (1969a). Four genera 
and nine species of the termitophilous subtribe 
Coptotermoeciinae of the family Staphylinidae 
are found with Australian Coptotermes (Kistner 
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and Pasteels, 1970). The beetles are all host- 
specific, and reciprocal phylogeny is indicated. 
They do not, however, provide information 
about the phylogeny of the host genus Coptotermes. 

Four species of Termitoecia Bernhauer live with 
two species of Schedorhinotermes in Australia 
(Kistner, 1970b). Six species of Philotermes 
Kraatz live with three species of Reticulitermes in 
the United States. Three species of Neophilo- 
termes Seevers live with three species of Copto¬ 
termes in Central and South America (Kistner, 
In press). Kistner (1970a) has revised the genus 
Hetairotermes Cameron. Seven species are host- 
specific in nests of four species of Coptotermes in 
Australia and southeastern Asia, whereas two 
species have hosts belonging to Nasutitermes 
(Termitidae) from the Palau Islands and 
Hospitalitermes from Sarawak. Kistner postulated 
reciprocal phylogeny of Hetairotermes and Copto¬ 
termes , but with two or three host changes in the 
evolution of these beetles that are not as host 
dependent as the Coptotermoeciinae. 

The late Charles Seevers (In press) described 
a new fossil genus and species of termitophilous 
Staphylinidae in Upper Oligocene or Lower 
Miocene amber from Chiapas, Mexico, related 
to the living Termitopsenius and Hamitopsenius 
included in the Trichopseniinae (Seevers, per¬ 
sonal commun.). Prorhinopsenius Pasteels and 
Kistner (1971) includes part of the descrip¬ 
tion of Hamitopsenius by Seevers (1957). The 
fossil genus, whose host is unknown, needs fur¬ 
ther study in the light of the recent revision of 
the genera of the subfamily by Pasteels and 
Kistner. 

The Trichopseniinae are wholly termito¬ 
philous. Sixteen genera and 27 species are in¬ 
cluded (Seevers, 1957; 1960; In press; Pasteels 
and Kistner, 1971). Of these, one fossil genus 
and species probably lived with an unknown 
host genus, and 13 genera and 23 species are 
known to live with living genera of the Rhino- 
termitidae. Termitophilous genera and their 
host genera follow: (1) Prorhinopsenius Pasteels 
and Kistner, one species with Prorhinotermes , 
Palau Islands; (2) Congopsenius Pasteels and 
Kistner, one species with Schedorhinotermes , 
Congo; (3) Parrhinopsenius Pasteels and Kistner, 
one species with Parrhinotermes , Sarawak; (4) 
Seeversia Pasteels and Kistner, two species with 
Schedorhinotermes , Sarawak; (5) Termitopsenius 
Wasmann, one species witli Rhinotermes , and one 
species reported with Neocapritermes (Termit¬ 


idae), South America; (6) Hamitopsenius Was¬ 
mann, one species reported with Amitermes 
(Termitidae), Sumatra; (7) Schedolimulus Pas¬ 
teels and Kistner, one species with Schedo¬ 
rhinotermes, Sarawak; (8) Phorilimulus Pasteels 
and Kistner, one species with Schedorhinotermes , 
Sarawak; (9) Rhinotermopsenius Seevers, one 
species with Rhinotermes , Guyana; (10) Tri- 
chopsenius Horn, six species with Reticulitermes , 
United States, Japan; (11) Xenistusa LeConte, 
two species with Reticulitermes , United States; 

(12) Mastopsenius Seevers, one species reported 
with Mastotermes (Mas to termitidae), Australia; 

(13) Megaxenistusa Seevers, one species with 
Rhinotermes , Guyana; (14) Termitona Seevers, 
one species with Schedorhinotermes , Congo; (15) 
Schizelytkron Kemner, four species with Schedo¬ 
rhinotermes , Java, Sarawak, Malaya (Kistner, 
1969b). 

Because of its generic relationships, the fossil 
termitophile from Mexico probably lived with a 
host belonging to the Rhinotermitidae, but 
possibly a different genus than the fossil Copto¬ 
termes or Heterotermes in the same amber deposits. 
A new undescribed species of the Mastotermit- 
idae occurs in the Mexican amber, but it is 
doubtful that this could be the host of the fossil 
termitophile. In addition to Coptotermes and 
Heterotermes , Prorhinotermes , Rhinotermes , and Doli- 
chorhinotermes presently occur in Central America 
and the West Indies, although the last three 
genera are absent from the living fauna of 
tropical Mexico. Reticulitermes lives in temperate 
altitudes in Mexico as far south as the state of 
Vera Cruz. It is noteworthy that the fossil is the 
first termitophile found outside of the nest, 
galleries, or trails of its host. It is assumed that 
the winged termitophilous beetles invade the 
galleries of their host after the termite colony is 
established and has a large population of sterile 
castes. No termitophilous beetle has ever been 
found with dealates or small incipient colonies 
of living termites. Host-specific termitophilous 
beetles must find their hosts some time after the 
maturity of the termite colony, so that geo¬ 
graphical occurrence together indicates con¬ 
tinuous land masses or close proximity of land 
masses under appropriate climatic conditions 
(Emerson, 1955). 

Pasteels and Kistner (1971) suggested that 
all host records of the Trichopseniinae other 
than genera of the Rhinotermitidae need verifi¬ 
cation. Inconsistent hosts belonging to the 
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Mastotermitidae and the Termitidae are pos¬ 
sible errors of association made by the field 
collector. 

Relatively primitive and derivative termito- 
philes are found with the same host genera. 
Apparently there is some, but not a large degree, 
of correlation in the rates of evolution between 
termitophiles and their hosts at the generic level. 
The limuloid form of termitophile is considered 
the most primitive (Kistner, 1969a; Pasteels and 
Kistner, 1971), whereas the physogastric form 
with its more specialized glands is deriva¬ 
tive and sometimes convergent in different 
phylogenetic branches. The limuloid form in 
some phylogenetic series is found with relatively 
primitive termite genera. Well-matched phylo¬ 
genetic trees of termitophiles and their rhino- 
termitid hosts are not as obvious as other termito- 
phile-host associations in the Termitidae (See- 
vers, 1957; Kistner, 1969a). In particular, the 
genera Trichopsenius and Xenistusa found with 
Reticulitermes (Heterotermitinae), although re¬ 
lated to each other, do not fully agree with the 
other termitophile-host phylogenies in the 
Rhinotermitinae. The explanation probably is 
found in the extinction of ancestral genera of 
both beetles and termites. 

Intestinal Flagellates 

The hind intestines of the primitive wood¬ 
eating cockroach (Cryptocercidae, Cryptocercus\ 
see McKittrick, 1964) and the four primitive 
families of termites (the Mastotermitidae, Kalo- 
termitidae, Hodotermitidae, Rhinotermitidae) 
harbor protozoans of several classes. Some of the 
commensal protozoans are related to free-living 
or parasitic groups in vertebrates or other 
insects including the advanced Termitidae, and 
do not show a high degree of systematic correla¬ 
tion with their hosts. The large majority, how¬ 
ever, belong to taxonomic groups confined to the 
xylophagous cockroaches and more primitive 
termites, and are known to be dependent on or 
interdependent with their hosts. Many ingest 
wood particles swallowed by their hosts. The 
wood is digested by cellulases or cellobiases with 
resultant sugars that provide the major nutrient 
for themselves and their hosts. Cleveland et al. 
(1934), Kirby (1937, 1944, 1949), and Honig- 
berg (1970) summarized and discussed the 
cytology, physiology, classification, and phylo- 
geny of these protozoans and listed extensive 
bibliographies dealing with these most fascinat¬ 


ing of all mutualistic symbioses. These authors 
and many others have published penetrating 
studies in articles too numerous to review here. 

All the orders of these symbiotes and some 
of the families had their origin prior to their 
adaptation to their cockroach and termite hosts. 
Many families, genera, and species diverged 
within the intestinal environment. The following 
discussion is limited to the flagellates living in the 
intestines of the Rhinotermitidae, and to the 
manifest reciprocal phylogeny of flagellate-host 
relations. 

The order Trichomonadida includes families 
widely distributed in vertebrates and insects. 
The family Devescovinidae and its close relative, 
Mixotricha , exhibit reciprocal phylogeny in 
genera of the Mastotermitidae, Kalotermitidae, 
and Hodotermitidae, but are absent in the 
Cryptocercidae and the Rhinotermitidae. 

The order Oxymonadida includes the Pyr- 
sonymphidae comprising Pyrsonympha and Dine - 
nympha found only in Reticulitermes (Rhino¬ 
termitidae) . The related family Oxymonadidae, 
and its subfamilies the Oxymonadinae and 
Saccinobaculinae, are in the Cryptocercidae and 
Kalotermitidae, but are unknown from the 
Hodotermitidae and Rhinotermitidae. It is pre¬ 
sumed that the ancestral genus of the cockroach 
and termite symbiotes was in the primitive 
xylophagous cockroaches, and evolved with 
their cockroach and termite hosts. The absence 
of the Oxymonadida from the Hodotermitidae 
and other genera of the Rhinotermitidae may be 
explained by extinction of genera of flagellates 
and their hosts during their long evolutionary 
history. 

The order Hypermastigida provides many 
examples of reciprocal flagellate-host phylogeny 
in the Cryptocercidae, Mastotermitidae, Kalo¬ 
termitidae, Hodotermitidae, and Rhinotermit¬ 
idae. The order also has a genus in cockroaches 
(not Cryptocercus ) which apparently originated 
independently of the xylophagous cockroaches 
and termites. 

The hypermastigote family Holomastigotidae 
has several genera showing flagellate-host 
systematic correlations. Holomastigotoides, with a 
close relative in the Cryptocercidae, occurs in 
the Hodotermitidae, and in the rhinotermitid 
genera Coptotermes , Psammotermes , Heterotermes , 
and Prorhinotermes . A close relative is found in 
Schedorhinotermes , but none is found in Reticuli¬ 
termes or Rhinotermes. Holomastigotes occurs in the 
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Hodotermitidae and in Reticulitermes. Spiro- 
trichonympha is recorded from the Hodotermitidae 
(. Porotermes, Anacanthotermes), the Kalotermitidae 
(Paraneotermes), and in the rhinotermitid genera 
Coptotermes , Heterotermes, Reticulitermes, and Schedo - 
rhinotermes. Related genera are found in the 
Cryptocercidae and hodotermitid, Stolotermes. 
Spironympha and Spirotrichonymphella are recorded 
in Reticulitermes, but their systematic relations or 
possible synonymy with Holomastigotes and Spiro- 
trichonympha have not been clarified. 

The advanced family Teranymphidae in¬ 
cludes the single species, Teranympha mirabilis 
Koidzumi, found only in Reticulitermes speratus 
(Kolbe) in Japan and China. The other recorded 
host, Reticulitermes Jlaviceps Oshima, is considered 
synonymous with R. speratus. 

The family Eucomonymphidae includes the 
genus Pseudotrichonympha found in all rhino¬ 
termitid genera examined ( Coptotermes, Hetero- 
termes, Prorhinotermes, Schedorhinotermes , Rhino¬ 
termes) with the notable exception of Reticuli¬ 
termes. A species recorded from Archotermopsis 
(Hodotermitidae) belongs to another genus 
(Kirby, 1937). A record from Rugitermes (Kalo¬ 
termitidae) needs verification. Other genera of 
the Eucomonymphidae occur in the Crypto¬ 
cercidae, Mastotermitidae, and Hodotermitidae, 
but are not recorded from the Kalotermitidae. 

The family Trichonymphidae includes the 
thoroughly investigated single genus Tricho- 
nympha —probably the best example of systematic 
correlation of xylophagous flagellates. Tricho- 
nympha has many species, in some cases several in 
one host, and occurs in the Cryptocercidae 
{Cryptocercus) , Hodotermitidae ( Hodotermopsis, 
Zootermopsis, Porotermes, Anacanthotermes ), Kalo¬ 
termitidae (. Postelectrotermes, Neotermes, Rugitermes, 
Kalotermes, Glyptotermes , Pterotermes, Incisitermes, 
Allotermes, Proneotermes), and Rhinotermitidae 
(. Reticulitermes only). One species, Trichonympha 
agilis Leidy, is reported from all species of 
Reticulitermes examined. Trichonympha produces 
sexual gametes in Cryptocercus and in the hodo¬ 
termitid, Porotermes, but sexuality has regressed 
in almost all the species in termites where it is 
probably of no evolutionary importance (Honig- 
berg, 1970). 

Kirby (1937) reported Cyclonympha (Cyclo- 
nymphidae) in Reticulitermes, but the present 
status and classification of this genus is unknown 
to the author. 

The symbiotic flagellates discussed above have 


lost their ancestral ability to form resistant cysts, 
and thus are dependent on rapid familial or 
social transmission by proctodeal or anal feed¬ 
ing. In the xylophagous cockroach, Cryptocercus, 
transmission of flagellates usually occurs at the 
time of molting, but in the termites transmission 
may occur by means of anal droplets between 
molts or after the final molt. Cleveland et al. 
(1934) postulated the necessity of permanent 
family organization and colony budding in 
Cryptocercus in order to infect the new genera¬ 
tions, but in termites the colonizing alate is able 
to infect its offspring. The flagellates are anaero¬ 
bic, and cannot live long exposed to the oxygen 
of the air. Little, if any, transfer of these 
anaerobic cellulose-digesting symbiotes has oc¬ 
curred except within the social colony, by means 
of colony budding, or between colonies by 
colonizing alates. 

The full complement of species of flagellates is 
not always present in each individual host, nor 
even in every host colony. This may be the 
explanation for the loss of certain genera and 
species in systematically related hosts, provided 
the host is not wholly dependent upon a given 
species or genus of flagellates. Probably some 
negative selection pressure eliminates colonies of 
termites that have lost essential flagellates by 
chance. Host specificity of species of symbiotes is 
common, although Honigberg (1970) warned 
that all host species have not been thoroughly 
examined, and symbiotes recorded from single 
hosts may later be found in other species. It is 
also common to find the same symbiote in 
several species or genera of hosts. The host ter¬ 
mites that share the same species of flagellate are 
usually related, but diverse branching of genera 
and species of hosts in widely separated geo¬ 
graphical regions provides circumstantial evi¬ 
dence for their origin in early Tertiary, Cre¬ 
taceous, or Jurassic ages. Genera in common 
with Cryptocercus and termites ( Trichonympha and 
Leptospironympha) probably originated in Triassic 
or Permian times. 

In a great many cases, several species of the 
same genus of flagellates are found in the in¬ 
testines of a single individual or colony of hosts. 
Two species of Trichonympha are found together 
in Reticulitermes lucifugus (Rossi), and Cleveland 
et al. (1934), recorded seven species of Tricho¬ 
nympha in Cryptocercus punctulatus Scudder from 
the Pacific coast, and six of these are present in 
the same species in the Appalachian region. 
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Honigberg (1970) gave numerous data on host 
ranges of species of flagellates. He also pointed 
out that congeneric flagellates in the same host 
may have speciated in ancestral hosts. It is also 
possible that flagellates speciated in different 
geographical or ecological ranges of their hosts, 
and subsequently joined the same faunule 
through cross breeding. However, some sym- 
patric speciation in a highly uniform environ¬ 
ment is postulated for both sexual and asexual 
flagellates. 

Statistical evidence of the role of recombina¬ 
tion as compared with mutation is provided by 
these data. Almost every gradation from the 
production of haploid gametes that fuse to form 
diploid zygotes, through meiotic divisions with¬ 
out gametogenesis, to complete loss of meiosis, 
occurs in various flagellate genera in Cryptocercus 
(Sonneborn, 1957). Some sexuality occurs 
among the flagellates of termites, but in general 
all potential variation by means of recombina¬ 
tion is wholly lost in the mutualistic symbiotes 
of termites, so that speciation must occur by 
means of cytogenetic or genetic mutation alone. 
In a sample of 227 species of intestinal flagellates 
in the Kalotermitidae (Krishna, 1961), approxi¬ 
mately 56 per cent are host specific so far as is 
known, 23 per cent evolve more slowly than 
their sexual hosts, and 21 per cent evolve more 
rapidly than their hosts. Allowing for the dis¬ 
covery of species now considered as host specif¬ 
ic in other host species, the discovery of syno¬ 
nyms by more exacting studies, and the dis¬ 
covery of physiological species presently given 
single species names, there is little question that 
sexual recombination is no more effective as a 
cause of speciation than is genetic and cyto¬ 
genetic mutation among these flagellates. Pro¬ 
gressive evolution in apomict sequences in some 
plants occurs, but loss of sexuality among numer¬ 
ous other organisms apparently is an evolution¬ 
ary blind alley. Cleveland has reported several 
cases of polyploidy among different species of the 
same genus of flagellates in the same host, so 
chromosomal mutation may be compared with 
presumed multiple gene mutation in some se¬ 
quences, but a statistical statement would be 
premature on the basis of present knowledge. 

The nutritional interdependence of many 
flagellates and their cockroach or termite hosts 
is well established by the early studies of Cleve¬ 
land. Later work by Cleveland and Nutting 
(1955) and by Cleveland, Burke, and Karlson 


(1960) showed that both growth and differentia¬ 
tion of flagellates are dependent upon the endo¬ 
crine secretions of their hosts, so that an intricate 
physiological interdependence between sym¬ 
biotes and hosts has evolved. 

The structural differences and similarities 
that are used by taxonomists of the flagellates to 
establish systematic relationships and phylo- 
genies, are very numerous and exhibit many 
gradations between taxa. Cytological studies of 
meiosis, mitosis, centriole replication, cell divi¬ 
sion, and development by Cleveland and others 
indicate many intricate physiological factors 
that must be basic to the evolution of the struc¬ 
tural features. However, few of the taxonomic 
and cytological characters have been shown to 
have exoadaptive significance. An exception is 
the holdfast rostellum of some oxymonadin 
flagellates that adhere to the intestinal intima, 
thus separating some species from others in the 
community structure within the hind gut. Endo- 
adaptation within the cell organization is not 
ruled out. The spirochaete and bacterial para¬ 
sites attached to the surfaces or within the cyto¬ 
plasm of the symbiotes show some adaptive roles 
(spirochaete movement rather than flagellae 
propel Mixotricha in Mastotermes ), but the subtle 
mutualism, pathology, physiology, function, 
spacing, and relative abundance of these para¬ 
sites and commensals are in preliminary stages 
of research. Abundance of some species of 
flagellates that inhabit different host species 
varies. Transfaunation experiments show that 
some species can perform their nutritional func¬ 
tion for a time in foreign hosts (Honigberg, 
1970). In general, transfaunation and long per¬ 
sistence of foreign faunules are more successful 
between related hosts (Dropkin, 1946). On 
occasion, a whole faunule containing several 
species remains integrated in a small percentage 
of cases after faunal transfer. Subtle ecological 
and physiological adaptations between the 
flagellates and between symbiotes and hosts are 
indicated, but much more investigation is neces¬ 
sary before adaptive evolution at the time of 
speciation of symbiotes is established. It is 
strange that populations of closely related spe¬ 
cies in the same genus of flagellates obviously 
live together in the same microniche over long 
periods of evolutionary history without com¬ 
petitive elimination. 

The symbiotic flagellates in various genera of 
the Rhinotermitidae have not been studied as 
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extensively as those in the more primitive cock¬ 
roach and termite families. Doubtless, all the 
errors in the taxonomy and phylogenetic rela¬ 
tionships have not been corrected. Uttangi and 
Joseph (1962) and articles by the late De Mello 
contain numerous errors of identification of both 
flagellates and hosts, and future critical studies 
will surely change some taxonomic and phylo¬ 
genetic concepts. However, the wealth of con¬ 
sistent association of characters of both flagel¬ 
lates and their hosts surely provides a sound 
basis for flagellate-host phylogeny that is ex¬ 
pected to be largely verified by more exacting 
and abundant data. The distributions of the 
interdependent flagellates and their hosts are 
correlated primarily with their systematic rela¬ 
tionships, and only secondarily with their zoo- 
geographical or extrasocial ecological associa¬ 
tions. The lack of complete uniformity doubtless 
is the result of extinction of species and genera of 
both protozoans and ancestral termites. 

As in the cases of the termitophilous beetles, 
the primitive and derivative flagellates are not 
respectively correlated with primitive and 
derivative hosts (Kirby, 1949), so that one must 
assume far different rates of evolution of particu¬ 
lar taxons of protozoans and their cockroach and 
termite hosts. For this reason, phylogenetic rela¬ 
tions between species and genera of hosts cannot 
be determined by the relations of beetles or 
flagellates alone, although if consistent with the 
taxonomy, zoogeography, and ecology of the 
hosts, symbiotes may be used as an additional 
phylogenetic parameter. 

The flagellates in Reticulitermes differ greatly 
from those in Heterotermes, although both genera 
are classified within the same subfamily. Fau- 
nules of Heterotermes are related to those in Copto- 
termes , Psammotermes , and Prorhinotermes, each of 
which is placed in a different subfamily. The 
family Rhinotermitidae, and in particular the 
genus Reticulitermes , can be distinguished by 
symbiote faunules alone, and numerous termite 
species may also be identified by their intestinal 
protozoans ( Teranympha mirabilis in Reticulitermes 
speratus ). 

There is little indication that the flagellates 
associated with the Rhinotermitidae are more 
closely related to those in the Hodotermitidae, 
although the structures of the termites strongly 
indicate the origin of the Rhinotermitidae from 
an unknown ancestor that also gave rise to the 
Hodotermitidae after the Mastotermitidae and 


Kalotermitidae had separated from the main 
isopteran stem. Holomastigotoides (Cleveland, 
1949; Uttangi and Joseph, 1962) and Holo- 
mastigotes are reported from the Hodotermitidae 
and Rhinotermitidae only, but many wide¬ 
spread genera must have originated prior to the 
separation of the termite families or, in the case 
of Trichonympha , before the origin of the Isoptera 
from their blattoid ancestors. 

In both flagellates and termites, some living 
genera have not changed markedly since late 
Paleozoic or early Mesozoic times, whereas other 
living genera indicate late Mesozoic or early 
Tertiary origins. Genera confined to closely 
related or single species are possibly of later 
origin. A reasonable explanation for the relative 
constancy of cellular organelles, cell processes, 
epigenetic structures, vestiges, and ecological 
adaptation is found in the assumed persistence 
and continuity of homologous genetic codes over 
many millions of years (Emerson, 1961). Genetic 
and structural homology are correlated in the 
opinion of the author, in opposition to state¬ 
ments by other investigators (Dobzhansky, 1959; 
Simpson, 1961). Homology, analogy, conver¬ 
gence, and divergence of proteins, amino acids, 
and nucleotide sequences are statistically ana¬ 
lyzed by Fitch (1970). 

Some symbiotic flagellates, and some of their 
termite hosts, evolved a high degree of speciali¬ 
zation early in their evolutionary history, and 
then remained relatively stable from Mesozoic 
times to the present. The termites evolved buffers 
against environmental change through their 
social behavior that controls the homeostatic 
physical and biotic environments of their nests, 
so that adaptive evolution may be slow com¬ 
pared with organisms living in a more rapidly 
changing ecological niche. Increased selective 
pressures against genetic change in an advanced, 
highly adaptive organism in a relatively stable 
environment possibly is illustrated by some 
flagellate groups found in several families of 
cockroaches and termites. Symbiotic flagellates 
have lived in an extremely uniform sheltered 
intestinal environment for an estimated 200 
million years or more, without the necessity to 
search for food or to avoid predators. In this 
situation, some genera have remained stable, 
whereas others have evolved relatively rapidly. 
Subtle physiological adaptation or speciation as 
a corollary of structural differentiation has not 
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been investigated thoroughly in flagellate evolu¬ 
tion, although a degree of physiological adapta¬ 
tion is apparent in host transfer experiments 
(Dropkin, 1941). An aspect of adaptation is the 
internal functioning of the organism including 
the relations of genome parts, the replication and 
sequences of molecular development from genes 
to proteins, and various levels of tissue and 
organelle or organ functions in the internal en¬ 
vironment. Much evolution is probable without 
obvious ecological adaptation. 

Evolution of Ecosystems 

Termite societies are dependent upon the 
larger inclusive ecosystems with their physical 
and biotic relations. Termites also have impor¬ 
tant effects upon the ecosystems to which they 
belong. To a degree, the entire biosphere of the 
world has unity in contemporary space and 
unity in evolutionary time, athough species 
enter at different times and places, have varying 
effects on the physical and biotic components, 
and leave through extinction that may result 
from an environmental change more rapid than 
their rate of evolutionary adaptation. Each 
species probably makes its unique contribution 
to the ecosystem, and produces varying degrees 
of selective pressures on all associated organisms. 
Natural selection of genetic traits at a given time 
probably leaves a lasting imprint on its descend¬ 
ants and associated organisms long after the 
species has become extinct. Emerson (in Allee et 
al. 1949) discussed the evolution of interactions 
within ecosystems, and recent investigations 
analyze such systems both quantitatively and 
qualitatively. 

Every gradation occurs from casual and 
chance association to a high degree of inter¬ 
dependence. Herein the focus is on the subsystem 
associated with termites, and particularly with 
the Rhinotermitidae, with special attention to 
the interdependent associations that indicate 
continuity of relations over long periods of geo¬ 
logical and evolutionary time. 

The majority of associated organisms show 
little systematic correlation with the termites and 
are not examples of reciprocal phylogeny. 
Many organisms live in termite nests, but not 
directly with the termites in their galleries. Nest 
inquilines exhibit every gradation of adjustment 
from the use of the nest as a temporary shelter 
to dependency on the controlled physical or 
biotic environment within the nest structure. 


The organic constituents of the nest material, 
that incorporates salivary secretions and excre¬ 
ment, are often used by nest eaters. Occasionally 
these approach species dependency on single 
termite species, particularly in the more orga¬ 
nized and elaborate nests of the Termitidae. 

Specialized predators that feed almost ex¬ 
clusively on termites have evolved (five or more 
orders of mammals, numerous reptiles, ponerine 
ants, etc.), and a few of these show taxonomic 
correlation with higher taxonomic categories of 
their prey (genus to order). 

Many organisms, both plant and animal, are 
found living in close association with termites in 
the galleries or nest compartments. Fungi, 
fungus parasites, nematodes, mites, isopod 
crustaceans, millipedes, Collembola, Thysanura, 
various larval and adult insects, Heteroptera, 
Lepidoptera, Braconidae, and Formicidae with 
intimate nutritional or parasitic relations to the 
termites have been collected. Some of these may 
have evolved with their hosts, but systematic 
correlations are not fully investigated or estab¬ 
lished. 

Emphasis is placed herein on the reciprocal 
phylogeny of termites, their termitophilous 
beetles, and their intestinal flagellates, in order 
to illustrate the evolutionary unity of portions of 
ecosystems. Cleveland and Nutting (1955) stated 
“both host and parasite have been mutually 
dependent upon each other for millions of years 
during which times they have become closely 
integrated parts of the same whole. 55 

The Rhinotermitidae provide a combination 
of interwoven associations not as well illustrated 
in other families of termites. The Mastoter- 
mitidae, Kalotermitidae, and Hodotermitidae 
have better cases of flagellate-host reciprocal 
phylogeny, but few termitophilous beetles or 
flies inhabit their nests. The Termitidae have 
better examples of reciprocal phylogeny of 
termitophilous beetles and flies with their hosts, 
but their intestines are not filled with protozoans 
having mutualistic relations with the termites. 
Grasse and Noirot (1959) suggested several lines 
of evolution of symbiosis of termites and micro¬ 
organisms that are worthy of further explora¬ 
tion, but reciprocal phylogeny of termites, 
bacteria, and fungi lack the precision of the 
termitophile-host or flagellate-host investigations 
and await more exacting studies by biochemical 
or other techniques. 

The Rhinotermitidae have both flagellates in 
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their intestines and termitophilous beetles in 
their nests at the same time, each of which 
indicates evolution of the interspecies association 
before and during the Tertiary, and thus pro¬ 
vides additional phylogenetic parameters to 
those of the termites alone. 

Multiple evolutionary feedbacks are apparent. 
The evolution of the symbiotic flagellates pro¬ 
duced selection pressures on the evolution of the 
family organization of wood-eating cockroaches. 
Intraspecific family populations evolved into the 
social systems of the termites. The social popula¬ 
tions improved the homeostasis of the internal 
nest environment. Termitophiles evolved adap¬ 
tations to both the social behavior and the con¬ 
trolled physical factors within the nests. Certain 
early adaptations to a free-living existence re¬ 
gressed. Concentrations of social populations 
provided food resources for predators and para¬ 
sites, as well as specialized defenses against both. 
All organisms involved in these ecosystems show 
a correlated genetic, physiological, develop¬ 
mental, behavioral, ecological, and structural 
evolution as they adapt to each other and to the 
physical and biotic modifications of the eco¬ 
systems. 

Many analogies exist between the individual 
organism, the population system, the social 


supraorganism, and the ecosystem. In particu¬ 
lar, each has division of labor, integration of 
holistic units, and homeostasis. Each level of 
organization is an open system with detected 
boundaries that limit or modify transfer of sub¬ 
stances, energy, stimuli, and organisms from the 
inside or the outside. Progressive evolution to¬ 
ward more inclusive organismic levels renders 
earlier adaptations obsolete that were necessary 
at lower ancestral levels, with resultant regres¬ 
sive evolution of some functions of the incorpo¬ 
rated organisms (Emerson, 1961). 

Processes of evolution usually are analyzed by 
comparing individual organisms or genetically 
integrated populations. The study of the evolu¬ 
tion of more inclusive systems provides data that 
clarify and enhance otherwise more obscure 
evolutionary processes. The evolution of eco¬ 
systems with a degree of unity through many 
millions of years is a concept of considerable bio¬ 
logical significance (Allee et al. 1949; Emerson, 
1956, 1960; Margalef, 1968; Woodwell, 1970; 
Lewontin, 1970). Because of multiple functions 
within any level of biological integration, homeo¬ 
stasis of any system never attains perfection, but 
selection through survival of the fit evolves a 
degree of balance and integrity that progresses in 
evolutionary time (Emerson, 1960). 
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COPTOTERMITINAE HOLMGREN 

The early synonymy of the subfamily is re¬ 
corded by Snyder (1949). Almost all recent 
references include Coptotermes as the only genus, 
and the discussion of Coptotermes below applies 
equally well to the subfamily. 

COPTOTERMES WASMANN 

Type Species: Termes ( Coptotermes ) gestroi 
Wasmann designated in 1896. 

Taxonomy 

The early synonymy is recorded by Snyder 
(1949). Since that date, an extensive literature 
has been published, but there has been no 
change or confusion in the generic nomencla¬ 
ture. The imago alone is readily determined to 
genus, although a few generic misidentifications 
occurred in the nineteenth and early twentieth 
centuries. The soldier caste is never confused 
with any other genus by modern taxonomists. 

Distinction of species is often difficult owing 
to the range of variation typical of all castes. 
Species identification is more difficult when only 
one caste is known, or when the castes have been 
described separately. A few new species await 
descriptions, although it is the opinion of the 
author that the number of names to be placed in 
synonymy will tend to balance the new species 
discovered. Proportions of numbers of species in 
each zoogeographical region probably will not 
be significantly altered by future discoveries. 
Introduced species often have been misidentified 
by investigators who specialize on local faunas. 

Forty-seven species including three un- 
tlescribed species have been catalogued by the 
author, but several may b>e synonyms. The genus 
needs a thorough taxonomic revision. Three of 
the named living species are known from the 
imago caste only. Two of these possibly are 
described under other names for the soldier caste. 
Two new fossil species of imagoes are described 
herein. Of the remaining 42 living species, 26 are 
known from associated imagoes and soldiers and 
are probably valid. Sixteen are known from 
soldiers and workers only. Most of these are 
apparently valid, but full verification awaits the 
discovery of the imago caste. Numerous species 
are described from a few specimens with in¬ 


adequate knowledge of variation within the 
populations. Three species are questionable, 
leaving 39 living species and two fossil species 
that serve as a basis for the following discussion. 

Phylogenetic Relations of Coptotermes 

Coptotermes combines the largest number of 
characters of the hypothetical primitive rhino- 
termitid of any known genus. Of the numbered 
list (table 1), Coptotermes has the following char¬ 
acters: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 28, 31, 32, 
33, 40, 41, 45, 47, 48, 49, 50, 51. Coptotermes is 
more advanced in the following characters: 25, 
26, 27, 29, 30, 34, 35, 36, 37, 38, 39, 42, 43, 44, 

46. The imago has far more primitive characters 
than the soldier, but also has a few derivative 
characters. It follows that Coptotermes was derived 
from some more generalized ancestral group 
unknown either as fossil or living. 

Psammotermes has been thought by some to be 
the most primitive genus of Rhinotermitidae, 
but the following data place Coptotermes as more 
primitive. Of the numbered list (table 1) 
Psammotermes has the following generalized 
characters: 3, 4, 8, 12, 13, 14, 16, 17, 18, 19, 20, 
21, 22, 24, 26, 31, 33, 34, 36, 37, 42, 43, 45, 46, 

47, 48, 49, 50, 51. Psammotermes is more advanced 
in the following characters: 1, 2, 5,6, 7,9,10, 11, 
15, 23, 25, 27, 28, 29, 30, 32, 35, 38, 39, 40, 41, 
44. The imago is more advanced than the imago 
of Coptotermes with 15 generalized characters 
compared with 25 in Coptotermes. The soldier, 
however, has 13 generalized characters com¬ 
pared with 10 in Coptotermes. The two genera 
have seven generalized characters in common. 

Some difficulties in the listing of characters 
are due to degrees of variation and overlap. For 
example, the Media (M) vein in the forewing of 
Psammotermes may be present or absent in the 
same species. The absence of M is considered an 
advanced character. When present, however, M 
is branched and near the middle about halfway 
between Cu and R or a little closer to R—a 
primitive character in this family. 

The discrepancy between the postulated more 
primitive imago of Coptotermes and the more 
primitive soldier of Psammotermes may be 
accounted for by any one or combination of the 
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following hypotheses: (1) insufficient characters 
listed, and the augmentation by future research 
may result in a different conclusion; (2) the 
characters in the list (table 1) differ in phylo¬ 
genetic importance and relevance; (3) some of 
the characters may not be homologous in some 
genera; and (4) the function of the characters 
results in different selection pressures on por¬ 
tions of the genetic system, with consequent 
difference in rates of evolution within the same 
genome. The opinion of the author is that the 
last hypothesis (4) is the major reason for the 
discrepancy, but that all points may be involved. 

The phylogenetic relations of Coptotermes to 
Heterotermes are discussed under the latter genus 
and the Heterotermitinae. 

Ecological Distribution 

Coptotermes is common in tropical rainforests, 
savannas, and on edges of arid steppes and 
deserts. Apparently soil moisture and tempera¬ 
ture are limiting factors in the distribution of 
species. Several species are found in natural 
habitats both north and south of tropical lati¬ 
tudes, particularly in low altitude temperate 
regions with moderate warm climates near sea¬ 
shores. All temperate extensions either overlap 
with tropical habitats or originate from tropical 
faunas—for example, southern Australia and 
southern Japan. 

Coptotermes is successful in both numbers of 
species and colonies, particularly in the tropics. 
Introductions by man do not become established 
in natural tropical habitats on continents, but 
biotic barriers are not so sharp in the less com¬ 
plicated ecosystems of islands. Inability to adjust 


to unfavorable climatic factors, or competition 
with endemic species of Coptotermes and other 
termites, possibly confine introduced species to 
man-modified environments where they may 
become major pests in wooden structures. 

The soldiers emit a white glandular secretion, 
unique among the Rhinotermitidae, from a large 
opening in the front of the head. Probably this 
defensive adaptation enables the soldiers to 
overcome most predators—an advantage in 
competition with other termites. Competition 
between imagoes for nesting sites also may be 
important. 

Nests generally are found in logs, in the heart- 
wood of living trees, or in subterranean soil 
galleries. Covered tunnels are constructed by 
foraging workers. Buildings are readily invaded 
by workers and soldiers some distance from the 
center of the nest. Several species in Australia 
construct conspicuous mounds on the surface of 
the ground, and the nest architecture is more 
complex than that of other genera of the Rhino¬ 
termitidae. Most species in other regions exca¬ 
vate galleries in dead wood, line the galleries 
with excrement, and do not have nest construc¬ 
tions markedly different from those typical of 
other genera of rhinotermitids. 

Time and Place of Origin 

Coptotermes is the most widespread of any genus 
of rhinotermitids (fig. 2). The largest number of 
living species is found in the Oriental Region 
(18), with some extensions into the southern 
Palearctic Region; followed by the Australian 
Region (12), with six species confined to the 
Papuan Subregion and six to the Australian 
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Fig. 2. Distribution of the genus Coptotermes. No. 1 in black circle, C. sucineus , new species, Oligocene- 
Miocene amber, Chiapas, Mexico. No. 2 in black circle, C. priscus , new species, Oligocene-Miocene amber, 
Dominican Republic. Small black circles, published and unpublished localities of 45 named and unnamed 
living species in native habitats. Small hollow circles, several species introduced by man. 
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Subregion; the Ethiopian Region (six including 
two undescribed species), with five species con¬ 
fined to tropical Africa, and one to the Malagasy 
Subregion; and the Neotropical Region (three 
living and two fossil species) all found only in 
tropical habitats. Apparently the Oriental 
Region has the greatest diversity of species, and 
numbers regularly diminish in various radiating 
directions. Endemic species in the Solomon 
Islands (Papuan Subregion) are indicative of 
ancient land connections with New Guinea, or 
narrower sea barriers than the present. 

Because a few species overlap into warm tem¬ 
perate regions, the assumption of tropical land 
connection may be questioned, but tropical dis¬ 
persal is more probable. Dispersal from the 
Oriental Region to the Australian and Neo¬ 
tropical regions is explained by tropical land 
connections before the sea barrier (Weber’s 
Line) separated Australia and New Guinea from 
southeast Asia, and before temperate climates 
of the Upper Cretaceous and Tertiary prevented 
access to the New World via a Bering or Aleu¬ 
tian land bridge. An endemic species in Mada¬ 
gascar is evidence of tropical land connections 
or approximations to Africa in early Tertiary 
times, possibly no later than the Oligocene as 
judged by the mammalian fauna. 

These facts of ecological and geographic range 
fit the postulated origin of Coptotermes in the 
Upper Cretaceous in the Oriental Region, and 
makes other alternatives less probable. If the 
genus originated in the Lower Cretaceous, more 
uniformity of numbers of species in tropical 
regions would be expected. Parallel distributions 
of other genera in the Rhinotermitidae and 
other families tend to corroborate the presumed 
time and place of origin of Coptotermes. 

Coptotermes has not naturally invaded any 
strictly oceanic island with no land connections 
in the past. Coptotermes mauricianus (Rambur) 
from Mauritius possibly is synonymous with the 
endemic C. truncatus Wasmann on Madagascar, 
but introduction by man is not ruled out. Copto¬ 
termes pacijicus Light described from the Mar¬ 
quesas Islands is a synonym of C. havilandi Holm¬ 
gren, a native of the southeastern Oriental 
Region, and commonly introduced by man over 
the tropical world. Inasmuch as no endemic 
species of the genus is found presently in the 
West Indies far from the continental mainland, 
the occurrence of an Oligocene-Miocene fossil 
in the Dominican Republic could be explained 


through land connections in the Cretaceous. 
Land bridges between major groups of islands in 
the West Indies probably did not exist during the 
Tertiary. Amber usually is found in a marine 
matrix and probably floated down streams and 
possibly across salt water, so land connections 
between the Dominican Republic and Central 
America are not mandatory. 

Exchanges of the faunas of Central and South 
America occurred several times during the 
Tertiary and land connections have been con¬ 
tinuous since late Tertiary. Probably the Neo¬ 
tropical subregions have been isolated most of 
the time from the Eocene to the Pliocene. 
Faunal and floral exchanges of both humid 
forests and relatively dry savannas are evident 
between the Oriental and Ethiopian regions in 
the Miocene and Pliocene, and more vagile 
animals moved across during interglacial warm 
periods. Humid connections were earlier than 
the more xeric interchanges. Deserts separated 
these biotas only in relatively recent times. 
Coptotermes must have reached tropical Africa at 
least by Oligocene time in order to disperse to 
Madagascar. 

Whether Coptotermes prisons was endemic in the 
Greater Antilles and left no descendants, or 
whether the Oligocene-Miocene amber floated 
over the sea to its present location in the Domini¬ 
can Republic cannot be determined definitely. 

Only three native living species of Coptotermes 
occur in the Neotropical Region. These are 
C. testaceus (Linne) from South America, Trini¬ 
dad, Tobago, Barbados, and Grenada (possibly 
introduced into Barbados and Grenada by man) 
and C. niger Snyder and C. crassus Snyder from 
Central America. No native living species has 
been found in the northern Lesser Antilles or in 
the Greater Antilles. An Oriental species, 
C. havilandi Holmgren, has been introduced into 
Jamaica, Barbados, Marquesan Islands, Mauri¬ 
tius, and a number of other localities around the 
world. Coptotermes formosanus Shiraki has been 
widely introduced into Hawaii, southern United 
States, Ceylon, and South Africa. Records of 
Coptotermes from Fiji and New Zealand are prob¬ 
ably introductions. 

Colonizing winged termites pair and copulate 
after their flight, so that dispersal over sea 
barriers by colony-founding imagoes is limited 
to the probabilities of double accidents. Incisi- 
termes (Kalotermitidae) and Prorhinotermes (Rhin¬ 
otermitidae) may colonize by means of colony 
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budding and floating vegetation. There is no 
indication that Coptotermes has ever been able to 
colonize naturally over salt water more than 
160 kilometers (100 miles) from a continental 
shore, and usually distances less than this are 
effective barriers. The absence of native living 
species in the Greater Antilles probably is due 
to the difficulties of colonization from neigh¬ 
boring continents. 

Several species of termites in the West Indies 
are conspecific with continental populations. 
These indicate recent colonization over sea 
barriers up to the limit of 160 kilometers in 
width. Separations of islands and land masses 
presently greater than 160 kilometers were no 
greater or were less during the lowered sea 
levels of the Pleistocene glaciation, and the 
generally slowly evolving termites did not speci- 
ate since the retreat of the continental glaciers. 
Those West Indian species presently found on 
neighboring continents are Heterotermes tenuis 
(Hagen), Heterotermes aureus convexinotatus (Sny¬ 
der), Rhinotermes marginalis (Linne), Termes 
hispaniolae (Banks), Nasutitermes costalis (Holm¬ 
gren), Nasutitermes ephratae (Holmgren), and 
Nasutitermes nigriceps (Haldeman). Oversea colo¬ 
nization apparently was from South America 
via the Lesser Antilles in most cases, although 
entry to the Greater Antilles from Yucatan is a 
less probable possibility. 

Endemic species of termites on particular 
islands or associated island groups in the West 
Indies occur among the Kalotermitidae, Rhino- 
termitidae, and Termitidae (Snyder, 1956; 
Spaeth, 1967). 

These data suggest either a quantitative 
differential in vagility of various species, or rare 
accidental colonization of a few species during 
past and recent periods. 

Tertiary fossil Coptotermes in the Neotropical 
Region fits the hypothesis of the origin of the 
genus in the Oriental Region, and its dispersion 
in the Cretaceous (Emerson, 1955). Future dis¬ 
coveries of fossils of Coptotermes , and other termite 
genera with similar geographic distributions, are 
predicted from Upper Cretaceous and Lower 
Tertiary tropical localities. 

Coptotermes priscus, new species 
Figure 3 A 

Imago: Color of head, pronotum, and tergites 
dark brown; legs and underside of abdomen 
yellow brown; scales of wings, veins near 


humeral suture, and entire length of costal 
margin and radius smoky brown; wing mem¬ 
brane brownish hyaline without pigmented dots, 
punctations, or micrasters. Colors are consider¬ 
ed similar to those in life because of differences 
between tergites and sternites. 

Head, pronotum, legs, wing scales, tergites, 
and sternites with many hairs and some longer 
bristles. Margins of wing with short evenly 
distributed hairs; inner margin of forewing 
without hairs near suture. Hairs present on 
stronger veins, but not as concentrated along 
veins as in C. sucineus. 

Fontanelle not visible, probably due to 
shriveling. Compound eye rounded and promin¬ 
ent. Ocellus normal in size and shape, smaller 
than antennal fossa; one-third to one-fourth of 
width removed from eyes. Antenna with 18 
articles, third, fourth, and fifth shorter than 
apical articles; third slightly shorter than fourth, 
fourth slightly shorter than fifth; antennal 
articles proportionally narrower than those of 
living species, membranous connections between 
articles abnormally shriveled and attenuated in 
the specimen. Postclypeus relatively short, not 
prolonged or enlarged. Dentition of left man¬ 
dible exposed near tip, apical tooth much larger 
than first marginal tooth, first marginal tooth 
shorter than second; proportions of teeth similar 
to left mandible of C. gestroi (Wasmann) figured 

TABLE 3 

Measurements (in Millimeters) of Holotype 
Male Imago and Paratype Fore wing of 
Coptotermes priscus , New Species 


Width of head (shriveled) 0.97 

Diameter of eye (shriveled) 0.26 

Length of ocellus 0.14 

Width of ocellus 0.11 

Ocellus from eye 0.03 

Length of antennal fossa 0.15 

Width of antennal fossa 0.12 

Length of postclypeus 0.06 

Width of postclypeus 0.35 

Length of pronotum about 0.64 

Width of pronotum (shriveled) 0.71 

Length of hind tibia 1.21 

Length of forewing scale 0.84 

Length of hind wing scale about 0.50 

Length of forewing with scale 8.84 

Length of fore wing from costal suture about 8.08 

Wid th of for ewing 2.63 

Width of forewing at humeral suture about 0.71 
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Fig. 3. Coptotermes, new species, imagoes. A. C. priscus , shriveled pronotum, 
holotype. B. C. sucineus , left side of pronotum, holotype. C. C. sucineus , humeral 
suture and base of forewing, variant due to position, folding, and lighting, 
paratype (Locality B 8413-62). D. C. sucineus , humeral suture and base of fore¬ 
wing, variant due to position, folding and lighting, paratype (MP 12680). 


E. C. sucineus , pilosity and punctations, 
of forewing, paratype (MP 12680). 

in Ahmad (1950, p. 54, fig. 7); tip of first mar¬ 
ginal tooth does not reach imaginary line con¬ 
necting tips of apical and second marginal teeth. 
Pronotum much narrower than head in shriveled 
specimen (fig. 3A), abnormal longitudinal ridges 
indicate wider pronotum in life; side margins 
convex, converging toward rear; hind margin 
widely and shallowly emarginate. Tibial spurs 
3/2/2 as in all species of Coptotermes (Roonwal 
and Chhotani, 1959). Forewing scales longer 
than those of hind wings, overlapping humeral 
sutures of hind wing scales from above. Costal 


1.29 mm. square in middle of membrane 


margin, R, M, and Cu separated beyond suture 
in forewing as in C. elisae Desneux. R and M of 
hind wing joined close to suture, but base of hind 
wing not clearly visible in specimens. 

Remarks: The holotype is shriveled and was 
apparently dehydrated before fossilization. 
Many measurements are probably smaller than 
those in life, particularly those of softer mem¬ 
branous structures. The wrinkled condition of 
the head, thorax, and abdomen renders mean¬ 
ingful drawings difficult or impossible. Sufficient 
characters are present, however, for confident 
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assignment to genus and species. The dentition 
of the left mandible is exposed—a rarity in 
amber termites although often seen in rock 
fossils. 

Comparisons : All the undistorted visible 
characters conform to the generic characters of 
Coptotermes , and all other known genera are 
eliminated. Only Psammotermes and Heterotermes 
resemble Coptotermes in the proportional size of 
the teeth of the left mandible (Ahmad, 1950, 
p. 54, fig. 7). Psammotermes has a reduced pilosity, 
particularly of the costal margin of the wing. 
The sides of the head of Heterotermes are straighter 
and more parallel, the ocelli tend to be reduced, 
and the eye is relatively flat and triangular. 

All the living Neotropical imagoes, including 
introduced species, have more than 18 antennal 
articles. The roughly contemporaneous fossil 
Coptotermes sucineus in Mexican amber has a rela¬ 
tively shorter pronotum (fig. 3B), and more 
pilose and punctate wing veins and membranes 
(fig. 3E). 

Specimens: Holotype male imago and para- 
type basal portion of forewing, the American 
Museum of Natural History (Entomology), in 
the same piece of clear amber. 

Sanderson and Farr (1960) published the 
opinion of P. A. Brouwer, director general de 
minas y petroleos, Cuidad Trujillos, Dominican 
Republic, that the fauna and flora are of Oligo- 
cene age. Langenheim (1969, p. 1161, table 1) 
also assigned this amber to the Oligocene. 
J. Wyatt Durham, Department of Paleontology, 
University of California, Berkeley, advised 
M. W. Sanderson (personal commun., Dec. 21, 
1961), that the marine matrix of the amber 
contains a species of Miogypsina , a foraminifer 
heretofore found in beds close to the Oligocene- 
Miocene boundary and in earliest Miocene. 
The amber, of course, may be of earlier age than 
its matrix, so that it is probable that the amber 
fauna and flora are Upper Oligocene or Lower 
Miocene, roughly 26 million years old or a 
little older. 

The specimens were found in a gift shop in 
Cuidad Trujillo, Dominican Republic, May 13, 
1959, by Milton W. Sanderson, Illinois Natural 
History Survey, Urbana, Illinois, who believes 
that the amber originally came from a site in the 
Pena (Tamboril) region, latitude 19°33'N., 
longitude 70°38'W., from either of two gorges 
(Los Meninos or Perez), Arroya Capancho, 
tributary of Rio Gurabo, Cordillera Septentrio¬ 


nal, north of Santiago between Altamira and 
Canca, at an approximate elevation of 1240 
meters. 

Etymology : priscus is latin for old or ancient. 

Coptotermes sucineus, new species 
Figures 3B-E 

Heterotermes primaevus Snyder, 1960, pp. 493-494 
(paratype imago only), pi. 70, fig. 1 (left imago 
only). Hurd, Smith, and Durham, 1962, pp. Ill, 
116 (geology, locality). 

Snyder (1960) included two species in his 
description separated herein under the names 
Heterotermes primaevus Snyder and Coptotermes 
sucineus , new species. 

Imago : Head, pronotum, base of wings, and 
abdomen brownish or smoky brown; apical 
portion of wings light hyaline brown. Variation 
of color of body parts suggests a correlation of 
color in fossil and living species. 

Head with several scattered short hairs. Pro¬ 
notum margins and disc hairy, some hairs or 
bristles comparatively long, longest 0.20 mm. 
Wing scale with abundant long hairs, longest 
0.19 mm. Costal margin of forewing with short 
hairs, longest 0.11 mm., absent close to humeral 
suture. Wing membrane and veins abundantly 
covered with short hairs, longest 0.09 mm.; 
0.29 mm. square near Cu in middle of wing with 
25 to 28 hairs; veins outlined by rows of hairs. 

Head of holotype shriveled, much shorter 
than normal, width not significantly modified. 
Eye rounded, prominent. Ocellus close to eye. 
Basal 10 antennal articles and apical six articles 
visible, third and fourth articles short, fifth 
slightly longer than fourth, terminal 0.15 mm. 
long. Postclypeus short and wide, longitudinal 
median line present. 

Pronotum wide in proportion to head; front 
margin distorted in specimen, broadly concave 
with slightly raised median lobe, with small 
median notch; sides straight; hind margin 
widely emarginate in holotype, apparently flatly 
convex in paratype (USNM 12680) without 
notch in middle. Tibial spurs 3/2/2. Claw of 
hind tarsus 0.15 mm. long (USNM 12680). 

Forewing scale proportionally large, over¬ 
lapping base of hind wing scale. Humeral suture 
of forewing irregular, at right angle to costal 
margin, flatly curved near Cu. Inner margin of 
forewing beyond suture longer than costal 
margin. Wing membrane minutely and densely 
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TABLE 4 

Approximate Measurements (in Millimeters) of 
Holotype Male and Six Paratype Imagoes of 
Coptotermes sucineus, New Species 



Holotype 

Paratypes 

Width of head 

0.93 

_ 

Diameter of eye (not 
maximum) 

0.26 


Ocellus from eye 

0.03 

- 

Length of postclypeus 

0.11 

- 

Width of postclypeus 

0.46 

- 

Length of pronotum 

0.38 

- 

Width of pronotum 

0.84 

- 

Length of hind tibia 

1.07 

0.93-0.98 

Length of forewing scale 

0.93 

- 

Length of hind wing scale 

0.44 

0.54 

Length of forewing with 
scale 

8.46 

8.27 

Length of forewing from 
costal suture 

7.99 

7.05-8.17 

Width of forewing 

1.97 

1.91-2.37 


punctate. Outer half of wing between R and M 
weakly reticulated. Tip strongly curved at end 
of costal margin; rather sharply convex at end 
of inner margin. Sc not separate from costal 
margin beyond suture; M reaching tip of wing, 
branched or unbranched in different specimens; 
M closer to Cu than to R in middle, closer to 
costal margin than to inner margin in all wings. 
Hind wing with venation and shape similar to 
forewing; M with five branches in one specimen, 
four reaching the margins and one ending in 
membrane between M and R. Branching of M 
variable in individuals, species, and genera of the 
Rhinotermitidae, but possibly having statistical 
significance in some taxa. Anal vein beyond 
suture of hind wing absent. 

Comparisons : The holotype of Heterotermes 
primaevus Snyder (fig. 5) in the same piece of 
amber is clearly a different genus and species. 
Coptotermes sucineus generally is larger, and the 
wing membranes and veins are covered more 
abundantly with conspicuous hairs. Heterotermes 
crinitus (Emerson), from Guyana, has similar 
pilosity of the margins of the wing; hairs occur 
on veins but not so dense, nor are veins defined 
by hairs so well as in Coptotermes sucineus ; hairs on 
wing membrane not so dense, length of longest 
0.10 mm.; hairs on wing membrane number five 
or six in a 0.29 mm. square near middle. Humer¬ 
al suture of forewing has a conspicuous angle 
near R. Forewing from the costal suture longer 


than from the inner end of the suture. Wing 
venation close in the two species. 

Coptotermes priscus, new species, has a con¬ 
spicuously longer pronotum, with less pilosity 
and punctations of the wing membrane veins. 
Otherwise the two species resemble each other 
in a number of characters. Although separated 
by 22 degrees of longitude and about 2000 kilo¬ 
meters, much of the distance over sea, the amber 
deposits are close in age near the Oligocene- 
Miocene border and are each associated with a 
marine matrix. Amber can be carried by streams 
and across salt water. A few species of living 
termites are found in both amber localities, but 
no species of Coptotermes is native in the West 
Indies except on continental islands such as 
Trinidad. More than one species of Coptotermes 
are presently sympatric. 

Coptotermes testaceus (Linne), Maracas Valley, 
Trinidad, collected by R. Boodhoo on June 10, 
1936, has a much larger forewing with a length 
from the costal suture 11.93 mm., and a width 
3.57 mm. The two species are similar in the 
pilosity of the pronotum, wing scale, and wings 
including density and length of hairs; fine punc¬ 
tations on the wing membrane; shape of the 
postclypeus; tibial spurs; shape of humeral 
suture of the forewing; shape of wing and scale; 
and position of M. The hyaline area on the inner 
border of the scale and base of forewing is similar 
but is proportionally larger in C. sucineus . 

Specimens : Holotype male imago, MP 
12679B; paratype female imago, MP 12637; 
paratypes forewing and hind wing fragments, 
MP B-8413-128b; paratype imago sex un¬ 
determined, USNM 12680. The holotype is in 
the same piece of amber as the holotype of 
Heterotermes primaevus Snyder, MP 12679A, with 
a twisted wing. The holotype of C. sucineus was 
originally determined and figured by Snyder 
(1960, p. 493), and labeled as a paratype of 
Heterotermes primaevus. The amber is assigned to 
Upper Oligocene or Lower Miocene (age 26 
million years) on the basis of its invertebrate 
fauna in marine sandstone exposed near the 
base of the western edge of Las Cruces landslide 
on the south slope near the southeast end of the 
major ridge, locally known as Nichcalan or 
Cerro Balumtum, locality B-5103, 6.8 kilo¬ 
meters southeast of the ranch house of Rancho 
Santo Domingo, 23 kilometers south of east of 
Simojovel, latitude 18°14'N., longitude 92°40' 
W., Chiapas, Mexico. One paratype, MP 12637, 
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with much of the thorax, five legs, three wings, a 
detached labium, and a portion of a maxilla, 
purchased and possibly from any one of several 
localities in the Simojovel area, Chiapas, 
Mexico. One paratype, MP 12680, is from 
locality B-5103 in the same stratum as the holo- 
type, head distorted, some antennal articles, 
portions of thorax, legs, four wings, and abdo¬ 
men. Paratype forewing and hind wing frag¬ 
ments (locality B-8413-128b), in amber piece 
also containing a paratype imago of Calcari- 
termes vetus Emerson, Simojovel area, Chiapas, 
Mexico. Paratype wings, MP 12808 (locality 
B-5103, 13041, B-4116-11, B-5341-16, and 
B-8413-62), Simojovel area, Chiapas, Mexico. 
Langenheim (1969, pp. 1161, 1164, 1165) 
assigned the amber to Oligocene-Miocene age 
and suggests the Chiapas amber was produced 
by leguminous trees of the genus Hymenaea. 
Hymenaea courbaril occurs “along rivers that enter 
the ocean in mangrove-fringed estuaries,” an 
opinion that is in conformity to the assumption 
of a lowland tropical climate based upon the 
termite fauna. 

Etymology: sucineus is the Latin adjective for 
amber. 

HETEROTERMITINAE FROGGATT 

The early synonymy of the Heterotermitinae 
is recorded by Snyder (1949, pp. 66, 71). The 
subfamily apparently is a valid monophyletic 
taxon. The two included genera, Heterotermes and 
Reticulitermes , are not closely related, and each 
has some primitive characters not found in the 
other. 

In the list of hypothetical primitive characters 
(table 1), at least one genus has the following 
numbers: 1, 2, 5, 6, 12, 13, 14, 16, 17, 18, 19, 20, 
21, 22, 23, 24, 28, 29, 30, 31, 32, 33, 35, 37, 38, 
39, 40, 41, 43, 45, 46, 47, 48, 49, 50, 51. 

The Heterotermitinae are derivative in the 
following characters (table 1): 3, 4, 7, 8, 9, 10, 
11,15,25,26,27,34,36,42,44. 

The imago of the Coptotermitinae has 26 of 
the listed 31 primitive characters and is deriva¬ 
tive in five characters. The imago of one or both 
genera of the Heterotermitinae has 20 hypo¬ 
thetical primitive characters, and is derivative in 
11 characters. In general, the imago of the 
Heterotermitinae is less primitive than that of 
the Coptotermitinae. 

The soldier of the Coptotermitinae has 10 
primitive characters and 10 derivative charac¬ 


ters. The soldier of one or both genera of the 
Heterotermitinae has 16 primitive characters 
and four derivative characters. In general, the 
soldier of the Coptotermitinae is not so primitive 
as the imago, but is less primitive than the soldier 
of the Heterotermitinae. Such a discrepancy in 
the relative number of primitive and derivative 
characters in the imagoes and soldiers of the 
same taxon is discussed in the preceding pages 
dealing with the phylogeny of Coptotermes. 

HETEROTERMES FROGGATT 

Type Species: Heterotermes platycephalus Frog- 
gatt. 

Taxonomy 

The early synonymy of Heterotermes is recorded 
by Snyder (1949, p. 66). Since Leucotermes Sil- 
vestri was placed in synonymy with Heterotermes , 
and Reticulitermes Holmgren was recognized as a 
separate genus, there have been few errors in the 
generic assignment of species. When imagoes 
and soldiers are associated, the identifications of 
species are not difficult. With accurately identi¬ 
fied specimens for comparison, imagoes or 
soldiers can also be identified with accuracy in 
most cases. Occasional problems arise from 
greater ranges of variation than are anticipated, 
and these can be solved only by the collection of 
many specimens from a wide geographical range. 
In one instance, seemingly distinct species 
proved to have a wide band of hybridization 
close to the Tropic of Cancer and the alti¬ 
tudinal borders of tropical and temperate 
Mexico, necessitating the recognition of two 
subspecies, Heterotermes aureus aureus (Snyder) 
and H. aureus corwexinotatus Snyder. Some living 
species have been placed in synonymy and 
others have been given species rank that were 
formerly placed in synonymy or were treated as 
subspecies. The author lists 26 species in his un¬ 
published catalogue of which four are new or not 
established, and one is a fossil redescribed herein. 

Phylogeny 

The preceding discussion of the phylogeny of 
the Heterotermitinae is augmented by considera¬ 
tion of the phylogeny of the included genera. 
The following hypothetical primitive characters 
of the imago (table 1) are found in Heterotermes : 
1, 2, 5, 12, 13, 14, 16, 17, 18, 19, 20, 21, 22, 23, 
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24, 28, 29, 31, and the soldier has 32, 33, 35, 37, 
38, 39, 40, 41, 43, 47, 48, 50, 51. Derivative 
characters of the imago (table 1) are: 3, 4, 6, 7, 
8, 9, 10, 11, 15, 25, 26, 27, 30, and the soldier has 
34, 36, 42, 44, 45, 46. When one or a few species 
have a primitive character and others do not, 
the character is listed for the genus. 

The primitive characters (table 1) shared 
with the imago of Reticulitermes are: 1,5, 12, 14, 
16, 17, 19, 21, 22, 23, 28, 29, 31, and the soldier 
shares 32, 33, 35, 41, 47, 48, 49, 50, 51. The 
derivative characters (table 1) shared with the 
imago of Reticulitermes are: 3, 4, 7, 8, 9, 10, 11, 
15, 25, 26, 27, whereas the soldier shares 34, 36, 
42, 44. 

The analysis above can be explained only by 
the assumption that neither Heterotermes nor 
Reticulitermes has evolved from the other, but 
that each evolved from an unknown ancestral 
genus that possessed the combination of primi¬ 
tive characters found in both genera. The primi¬ 
tive characters are assumed to be homologous in 
both genera, but the derivative characters 
possibly are separately evolved and analogous in 
some instances. 

Heterotermes is more primitive than Reticuli¬ 
termes in the following numbered unidirectional 
trends (table 2): imago, 2, 3, 4, 21, 28; and one 
or more species have soldier characters 42, 43, 
44, 50, although most species lack these com¬ 
paratively more primitive characters in the 
soldier. Therefore, the derivative characters 
(table 2) of the majority of species of Heterotermes 
soldiers are analogues to the same numbered 
characters in Reticulitermes. In the list of uni¬ 
directional trends (table 2), the imago of Hetero¬ 
termes is derivative as compared with Reticuli¬ 
termes for numbers 9, 22, 29, 35, and the soldier 
has no derivative characters. These data are 
further indication that Heterotermes is more 
primitive than Reticulitermes. The two genera are 
similar in the rest of the numbers in table 2, 
although in a few cases there are quantitative 
differences that are not readily placed in sharply 
defined categories. For example, the front 
margin of the pronotum (nos. 23 and 54) of the 
imago and soldier of Heterotermes is more in¬ 
dented in the middle and more bilobed than in 
Reticulitermes , in these respects being more 
derivative in an otherwise more primitive genus, 
but variation between species of Heterotermes 
does not allow a sharp diagnosis on the basis of 
this character alone. 


Ecological Distribution 

In general, Heterotermes is a tropical genus. A 
few species are found in temperate southern 
Australia, and one subspecies, H. aureus aureus 
Snyder, occurs in the temperate and arid south¬ 
western United States and northern Mexico. 
The genus is found both in humid rainforests and 
in more arid savannas and desert edges, but the 
species ranges are confined to narrower limits of 
soil moisture. Probably restricted toleration of 
environmental moisture is a major factor in 
species divergence. Second only to moisture, soil 
temperatures distinguish species distributions. 
Several species are found in rainforests of all 
major tropical regions with the notable excep¬ 
tion of the equatorial forest of Africa. There is no 
obvious reason why this widespread genus does 
not have a species in the humid forests of the 
Ethiopian Region. 

All species feed on dead wood or vegetation 
composed of cellulose. Queens are found in logs 
or roots. Nests and royal cells are not definitive 
or highly structured. Like all primitive termites, 
excrement is used to construct partitions or 
chambers in the nest galleries hollowed by feed¬ 
ing activities. Tunnels through the soil or con¬ 
structed on the surface of the soil or logs may 
radiate from the central nest. The food and nests 
closely resemble those of Reticulitermes. 

Time and Plage of Origin 

Of the 26 species presently recognized, nine 
are found in the Australian-Papuan Region, 
seven in the Oriental Region, two in the Ethi¬ 
opian Region, and eight including one fossil in 
the Neotropical Region. Of the two Ethiopian 
species, one is known only from St. Helena and 
may have been introduced from an unknown 
native habitat, and the other is confined to the 
arid tropical northeastern portion of Africa and 
adjacent Aden on the Arabian peninsula. The 
number of species and abundance of colonies are 
not so great as Coptotermes , although the distribu¬ 
tion is almost as widespread (figs. 2, 4). Intro¬ 
ductions by man are not so common as some 
species of Coptotermes. Besides Heterotermes perjidus 
(Silvestri) in St. Helena, H. philippinensis (Light) 
has probably been introduced into Mauritius, 
but it is not known whether the records from 
either the Philippines or northern Madagascar 
are from its native habitat. Introduced species 
are usually confined to man-modified habitats, 
whereas endemic species are found in unmodi- 
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Fig. 4. Distribution of the genus Heterotermes. No. 1 in black circle, H ’. primaevus Snyder, Oligocene- 
Miocene amber, Chiapas, Mexico. Small black circles, 23 living species in native habitats. Small hollow 
circles, two additional species possibly introduced by man. 


fied environments. With the exception of prob¬ 
able introductions, Heterotermes is usually absent 
on true oceanic islands, although H. cardini 
Snyder is found only on a few West Indian 
islands. Heterotermes aureus convexinotatus (Snyder) 
occurs on the Galapagos Islands where it is 
either an offshoot from Central America or was 
introduced by man. 

Numbers of species in the major zoogeograph- 
ical regions are statistically insignificant except 
for the small number in the Ethiopian-Malagasy 
Region. The genus may have arisen in the 
tropical Oriental Region, but the evidence is not 
conclusive. The distribution that includes 
Australia, the Oriental Region, the Neotropical 
Region and the Ethiopian Region is indicative 
of an Upper Cretaceous origin. This hypothesis 
is consistent with the distributions of the allied 
subfamilies Coptotermitinae and Psammoter- 
mitinae. If Heterotermes diverged from the un¬ 
known rhinotermitid ancestor before the Upper 
Cretaceous, a better representation would be 
expected in the humid Ethiopian Region. Struc¬ 
tural resemblances between Heterotermes and 
Termitogeton suggest the origin of the wholly 
Oriental Termitogeton from a genus close to Hetero¬ 
termes. Reticulitermes may have diverged from a 
common ancestor in the Oriental Region, but the 
data are not conclusive and the time and place 
of origin of Heterotermes remain speculative. 

Heterotermes primaevus Snyder 
Figures 5A-D 

Heterotermes primaevus Snyder, 1960, p. 493 (imago in 
part), pi. 70, figs. 1, 2 (holotype imago No. 12679A 
only); Hurd, Smith, and Durham, 1962, pp. Ill, 
116 (geology, locality). 


Male Imago, Fragmentary Wings, Legs: 
Head, pronotum and abdomen yellow brown; 
antennae, legs, and bases of wings yellowish. 

Top of head (fig. 5B) with numerous long 
bristles or hairs, longest 0.14 mm., and few 
short hairs; 44 visible hairs on slanted profile of 
head surface, linear number 31 or fewer; 
pilosity apparently similar to the more pilose 
living species of Heterotermes. Pronotum with 
long and abundant hairs on margins; frontal 
lobes with long bristles, longest 0.12 mm.; disc 
surface with bristles, but not clear. Forewing 
and hind wing scales with numerous moderately 
long hairs, longest 0.10-0.17 mm.; costal margin 
of forewing with many hairs, longest 0.06-0.09 
mm.; inner margin with many hairs, less 
numerous near base and absent 1.16 mm. from 
suture of hind wing; veins with few hairs except 
on outer half of R; membrane with numerous 
short hairs, inconspicuous in holotype. Hairs on 
wing membrane less abundant than on wings of 
Coptotermes sucineus from the same piece of amber. 

Head of holotype much distorted and probab¬ 
ly dehydrated and shriveled at time of fossiliza- 
tion. Eye seen with difficulty and ocular suture 
not visible, but apparently not markedly differ¬ 
ent from other species of Heterotermes or Reticu¬ 
litermes; possibly triangular, flat, and smaller 
than eyes of known living species; facettes 
indistinctly preserved. Ocellus not surely seen, 
although small object near eye possibly is an 
ocellus. If so, outline is distinct and not re¬ 
gressed. Eye and ocellus, sizes, shapes, and 
relations not clear in holotype. Tip of left 
mandible and portion of first marginal tooth 
visible, but remainder of dentition obscured by 
labrum and position. Antenna with 15 articles 
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Fig. 5. Heterotermes primaevus Snyder, imago, holotype. A. Base of left 
forewing. B. Pilosity of profile of top of shriveled head, front at left. C. 
Pronotum from above, left rear portion folded and distorted. D. Hind 
margin of pronotum tilted to show normal outline. 


attached to head and a separated terminal 
portion of six articles of same or different 
antenna, terminal articles 0.15 mm. long and 
0.04 mm. wide, width probably less than normal 
because of dehydration. Proportions of post- 
clypeus not seen. 

Pronotum (fig. 5C) distorted and twisted, 
but shape and size reconstructed; front margin 
strongly concave in preserved position, shape 
due to unnatural bending and depressing; 
sides raised somewhat from normal position; 
sides strongly curved at level of greatest width, 
nearly straight and converging toward rear; 
hind margin tilted to normal position (fig. 5D) 
widely and shallowly emarginate. Detached 
hind portion of metanotum with deep notch 
and median angle close to right angle. Outer 
spur on front tibia of one specimen, and two 
spurs on each middle and hind leg discernible. 
Tibial spur formula probably 3/2/2. Forewing 
scale size closer to hind wing scale in holotype 
than in other species of Heterotermes , but propor¬ 
tional sizes of scales of second specimen typical 
of genus. Costal margin of forewing scale flatly 
convex. Humeral suture of left forewing (fig. 5 A) 
slanting anteriorly from costal to inner margin 
because of angle of vision, but humeral suture 
of right wing apparently close to typical 
Heterotermes. Humeral suture of both forewings 
distorted and probably not normal, but sigmoid 
shape similar in forewings of holotype and 
second specimen, and differing in this particular 
from other species of Heterotermes. Tip of fore¬ 
wing slightly pointed. Membrane of wing and 
weak veins covered with minute dense puncta- 
tions, but without true micrasters. Membrane 
punctations larger but not more numerous than 


those of Heterotermes aureus convexinotatus. R single 
for entire length, not quite reaching tip of wing, 
slightly bent inward near base, parallel to 
costal margin most of length; M and Cu weaker 
than R; M bent inward near suture, gradually 
diverging from R except near tip; M much 
closer to Cu in middle of wing than to R, 
reaching tip of wing. Hind wing with M joined 
to R near suture. Anal vein absent. Spacing 
of veins R, M, and Cu similar to other species 
of Heterotermes. 

Comparisons: All clearly visible characters 
TABLE 5 

Rough Measurements (in Millimeters) of 
Holotype Male and Fragmentary Legs and 
Wings of Heterotermes primaevus Snyder 


Holotype 

Fragments 

Diameter of eye (obscure) 

0.14 

— 

Length of pronotum (observed) 

0.27 

— 

Length of pronotum (estimate) 
Length of pronotum including 
front and hind lobes 

0.30 


(accurate) 

0.39 

— 

Width of pronotum (observed) 

0.49 

— 

Length of hind tibia (estimate) 

0.72 

1.27 

Length of hind tarsal article 

0.23 

0.29 

Length of hind tarsal claw 
Length of forewing scale costal 

— 

0.12 

margin (estimate) 

Length of hind wing scale inner 

0.43 

0.75 

margin 

Length of hind wing from 

— 

0.72 

humeral suture (estimate) 

6.17 

— 

Width of forewing (estimate) 

1.68 

— 

Width of forewing or hind wing 
Width of hind wing at humeral 

— 

1.45 

suture 

— 

0.40 
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conform to Heterotermes , but numerous diagnostic 
generic characters are either invisible or obscure. 
Fragmentary legs and wings tentatively identi¬ 
fied as H. primaevus provide additional data of 
generic value. The scarcity or invisibility of 
hairs on the wing membrane of the holotype 
differs from any known species of Heterotermes , 
but the second specimen shows more hairs. The 
pilosity of the head, wing margins, and apical 
portion of R is close to some species of Hetero¬ 
termes. The hairs on the margins of the wings are 
much more numerous than in Reticulitermes or 
Psammotermes. The eye, although distorted, 
probably has the normal shape and size of 
Heterotermes. The proportional size of the wing 
scales of the holotype differ from the known 
species of Heterotermes , but the second specimen 
conforms to the genus. The length of the fore¬ 
wing scale of H. platycephalus is 0.78 mm., and 
of H. aureus convexinotatus 0.64-0.69 mm. The 
length of the hind wing scales of the above 
species respectively is 0.58 mm., and 0.45 mm. 
The only known genera of the Rhinotermitidae 
with proportionally short forewing scales are 
some species of Heterotermes , Reticulitermes , and 
Psammotermes. Although the fossils are distorted 
or in poor position for observation, the pre¬ 
ponderance of evidence confirms the generic 
and species distinctions and eliminates all other 
known genera. 

Specimens: Holotype male imago in amber, 
locality B-5103, Las Cruces landslide about 23 
kilometers south of east of Simojovel (latitude 
18° 14 r N., longitude 92°40'W.), 6.8 kilometers 
southeast of the ranch house of Rancho Santo 
Domingo, Chiapas, Mexico, MP 12679A; 
fragmentary legs and wings (det. A. Emerson), 
probably from type locality B-5103, in sand¬ 
stone near base of western edge of Las Cruces 
landslide, south slope near southeastern end 
of major ridge locally known as Nichcalan or 
Cerro Balumtum, amber piece MP 12855. The 
matrix around the amber is dated Upper Oligo- 
cene or Lower Miocene on the basis of the 
invertebrate fauna including Foraminifera 
(Hurd, Smith, and Durham, 1962). The lowland 
tropical climate of the Chiapas amber fauna is 
discussed under Coptotermes sucineus. 

RETICULITERMES HOLMGREN 

Type Species: Reticulitermes Jlavipes (Kollar) 
designated by Banks and Snyder (1920, p. 42). 


Taxonomy 

The early synonymy is recorded by Snyder 
(1949, p. 71). Holmgren (1913, pp. 60, 61) 
described Reticulitermes as a subgenus of Leuco- 
termes Silvestri. The subgenus Leucotermes (Holm¬ 
gren, 1913) is a synonym of Heterotermes Froggatt. 
Banks and Snyder (1920, pp. 42, 79) gave 
Reticulitermes full generic status. Since 1920, a 
few errors of generic assignment of species of 
both Heterotermes and Reticulitermes have been 
made, although all castes of the two genera are 
easily distinguished. There is a voluminous 
literature dealing with various aspects of the 
biology of Reticulitermes , doubtless due to its 
accessibility in the vicinity of research labora¬ 
tories, and also to its economic importance in 
the temperate zone. 

Eighteen living and eight fossil species total¬ 
ing 26 species are recognized presently by the 
author. The species of Reticulitermes are in great 
need of revision, and a monograph is overdue. 
Several synonyms are treated as distinct taxa 
in recent literature, and a number of so-called 
species hybridize along overlapping borders of 
their ranges, necessitating the reduction of 
certain species names to subspecies. Decisions 
await statistical study of all castes over wide 
geographical ranges, and more exacting study 
of the physiology and ecology of populations 
and taxonomic groups (Becker, 1970). The 
fact that differences in physiology and behavior 
occur between local populations is not in itself 
sufficient evidence to warrant taxonomic dis¬ 
tinction, but it indicates natural selection toward 
ecological conditions that might lead to isolation, 
genetic distinction, and ultimate speciation. 
Insufficient evidence is available to enable 
adequate separation of all species, subspecies, 
and races in the Nearctic and Palearctic regions. 

The diagnostic characters of particular value 
for the generic determination of fossil imagoes 
are: the small fontanelle spot, fork of the Y- 
suture, proportionally small subtriangular eye 
(fig. 7A), distinct ocelli, the antennae with 
13-20 articles, approximately equal sizes of 
first and second marginal teeth of the left 
mandible (fig. 7B), slightly sinuate or nearly 
straight front margin of the pronotum (fig. 7A), 
fine and not dense punctations of the wing 
membrane, hairs few or absent on costal margins 
of the wings, thickenings or reticulations be¬ 
tween veins of apical three-fourths of the wing 
(fig. 8), position of M about halfway between 
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R and Cu (fig. 8), and presence of a short 
anal vein beyond suture of the hind wing. 

Phylogeny 

Primitive and derivative characters, and the 
hypothetical phylogeny of Reticulitermes (fig. 1) 
are discussed under the family Rhinotermitidae, 
the subfamily Heterotermitinae, and the genus 
Heterotermes. 

Ecological Distribution 

All species are Holarctic (fig. 6). Of the 26 
recognized species, 12 living and five fossil 
species are found in the Palearctic Region and 
six living and three fossil species in the Nearctic 
Region. Occurrence of the genus, both living 
and fossil, is a key indicator of temperate 
climates from the northern or altitudinal borders 
of the tropics to the transition zone south of the 
boreal climates of both Eurasia and North 
America (Ander, 1942). With the exception 
of the overlap of Reticulitermes tibialis Banks and 
Heterotermes aureus aureus (Snyder) in xeric 
habitats of temperate Mexico and southwestern 
United States, the two genera are comple¬ 
mentary in geographical and ecological distri¬ 
bution (figs. 4, 6). 

The southern border of the distribution of 
Reticulitermes is sharp and conforms to the border 
of true tropical climates. The northern boundary 
of distribution is not as sharp, and differs slightly 
in the Nearctic and Palearctic regions. In 
general, records in native habitats are rare 
north of the southern border of Canada in 
North America, and do not extend into the most 
northern portions of Japan or North Korea. 
In Europe, species are confined to warm 
temperate areas of France, Portugal, Spain, 
Italy, Yugoslavia, Greece, Rumania, Turkey, 
U.S.S.R., eastern Mediterranean, and are 
absent in northern Europe or at high elevations 
in equivalent climates to the northern and alti¬ 
tude distribution in the United States and 
southern Canada. Apparently the genus cannot 
survive tropical climates and has never been 
able to traverse the tropics to become established 
in temperate climates of the Southern Hemis¬ 
phere. A small overlap with some tropical 
species and genera of termites occurs in a few 
places, such as southern Florida. 

In addition to temperature, soil moisture is a 
limiting factor in the ranges of several species. 
Investigations of tolerance and evaporation 
through the cuticle (Collins, 1969) provide 
physiological evidence associated with ecological 


occurrence. Some species do not extend as far 
north as others, and a differentiation between 
species occurs wherever general and local soils 
are either xeric or mesic. Sympatric species 
occupying somewhat different ecological soil 
conditions are often reproductively isolated by 
different flying seasons, whereas the same species 
may hybridize when there is an overlap of 
both ecological conditions, flying periods, and 
zoogeographical ranges. Local conditions and 
flying periods are, of course, unknown for 
sympatric fossil species. 

Several species of Reticulitermes have been 
introduced by man where they are usually 
confined to man-modified habitats (Gay, 1967; 
1969). Colonies of Reticulitermesflavipes introduced 
to areas north of their normal climatic range in 
North America and Europe may persist in the 
soil some distance from heated buildings, and 
may reproduce by development of neotenics 
and by budding of colonies rather than by 
colonizing flights of primary reproductive 
alates (Esenther, 1969). However, there is no 
indication that any species of Reticulitermes has 
extended its natural range exclusively by colony 
budding. 

The distributions of Heterotermes (fig. 4) and 
Reticulitermes (fig. 6) are largely mutually 
exclusive with the exception in southwestern 
North America already noted. The different 
climatic adjustments of each genus are probably 
the explanation, although competitive elimi¬ 
nation by close relatives or by the natural fauna 
is also possible. In the absence of Reticulitermes , 
Heterotermes invades natural habitats and speci- 
ates in south temperate Australia and in north 
temperate India. 

The reason for the relatively large number of 
fossil species of Reticulitermes is not because they 
were necessarily more abundant in the Tertiary 
faunas of the world, but rather because temper¬ 
ate faunas are better represented than tropical 
faunas by known fossils (Larsson, 1965). It 
is noteworthy that the best known tropical 
fossil termite fauna in Mexican amber includes 
Heterotermes primaevus, but lacks Reticulitermes . 

Time and Plage of Origin 

If all named species were valid taxa, the 
numbers would indicate an origin of Reticuli¬ 
termes in temperate Eurasia at least by Lower 
Oligocene times. Although listed numbers of 
species are less in the Nearctic than in the 
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Fig. 6. Distribution of the genus Reticulitermes. No. 1. R. antiquus (Germar), Lower Oligocene. 
No. 2. R. minimus Snyder, Lower Oligocene. No. 3. R. fossarum (Scudder), Lower Oligocene. No. 4. 
R. holmgreni (Statz), Middle Oligocene. No. 5. R. creedei Snyder, Upper Oligocene. No. 6.72. laurae 
Pierce, Lower Miocene. No. 7. 72. hartungi (Heer), Upper Miocene. No. 8. 72. dojleini (Armbruster), 
Upper Miocene. Small black circles, 18 living species in native habitats. Small hollow circles, 
living species introduced by man. 


Palearctic, the earliest fossils are from Lower 
Olicogene in both regions. As noted in previous 
pages, the taxonomy of the species is not 
trustworthy, so that the hypothetical time and 
place of origin of the genus must await more 
exacting studies. Structural relations, hypotheti¬ 
cal phylogeny, zoogeographical distribution, 
and the reciprocal phylogeny of associated 
termitophiles and flagellates are compatible 
with an Upper Cretaceous origin (fig. 1). 
Adjustments to temperate climates is a derivative 
ecological adaptation in the Rhinotermitidae, 
so one is tempted to speculate that Reticulitermes 
arose from an unknown genus related to Hetero- 
termes that lived in the Oriental tropics in the 
Cretaceous. 

Reticulitermes antiquus (Germar) 

Sendel, 1742, pi. 1 (imago). See Weidner, 1955, p. 56. 
(Figure without name.) 

Hemerobites antiquus Germar, 1813, p. 16 (imago); 

SCHLECHTENDAL, 1888, p. 489. 

Termes fossile Ouchakoff, 1838, pp. 37-42 (worker), 
pi. 1, figs. 1, 2 (worker); Ouchakoff, 1840, p. 219, 
pi. IB. 

Eutermes antiquus: Hagen, 1854, pp. 222-225 (imago); 

Handlirsch, 1906-1908, p. 699 (synonymy). 
Termes [obscurus] moestus Giebel, 1856, pp. 297, 497. 
Maresa plebeja Giebel, 1856, p. 298. 

Termes antiquus: Giebel, 1856, p. 296; Hagen, 1858a, 
p. 180 (imago); Hagen, 1858b, p. 24 (imago); 
Hagen, 1860, p. 107 (nymph). 

Termes {Eutermes) antiquus: Hagen (in Berendt, 1856), 
p. 54 (imago), pi. 5, fig. 6 (imago). 

Termes gracilis Pictet (manuscript name). 

{Eutermes) gracilis: Handlirsch, 1906-1908, p. 699 
(synonymy, remarks). 


{Termes) Giebeli Handlirsch, 1906-1908, p. 700 
(remarks). 

Maresa fossilis Handlirsch, 1906-1908, p. 700 
(synonymy). 

Leucotermes {Reticulotermes) [sic] antiquus: Rosen, 1913, 
p. 331 (remarks), pi. 30, fig. 22 (imago). 

Leucotermes {Reticulitermes) antiquus: Snyder, 1925 
(chart); Armbruster, 1941, p. 26 (synonymy). 
Eutermes gracilis : Pongracz, 1926, p. 25, pi. 4 (wing), 
pi. 5 (phylogeny). 

Reticulitermes antiquus: Snyder, 1926, p. 4 (mention); 
Snyder, 1949, p. 365 (synonymy); Weidner, 1955, 
pp. 56-58, 66, 70 (imago), pi. 2, figs. 6-8, pi. 3, 
fig. 10 (imago); Weidner, 1968, p. 18 (remarks). 

C. [sic] antiquus: Pongracz, 1931, p. 106 (remarks). 
Leucotermes antiquus: Statz, 1939, p. 33, table 4. 

Imago : Color of head, pronotum, and wing 
scales dark brown; antennae, legs, and tergites 
medium brown. Colors of parts resemble some 
living species. 

Head with numerous hairs, 9-10 hairs in a 
0.29 mm. square, longest hairs 0.09-0.14 mm. 
Pronotum with numerous hairs, longest 0.09- 
0.12 mm. Forewing scale with numerous hairs 
or bristles, longest 0.08-0.20 mm. Wing mem¬ 
brane between costal margin and R with three 
short hairs in one specimen; three hairs near 
tip of R in another specimen. Otherwise, wing 
margins, veins, and membranes usually bare. 

Eye proportionally small, subtriangular. 
Ocellus oval or nearly round, usually less than 
width from eye. Diameter of antennal fossa 
less than that of eye. Antennae of unbroken 
specimens with 17-20 articles, first about twice 
length of second, second about twice length of 
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TABLE 6 

Measurements (in Millimeters) of 32 Imagoes 
or Wings of Reticulitermes antiquus (Germar) 


No. 

Range 

Mean 

Width of head 

Thickness of head 

8 

1.01-1.27 

1.11 

capsule 

Maximum diameter of 

1 

0.57 

0.57 

eye 

21 

0.26-0.33 

0.30 

Length of ocellus 

5 

0.07-0.11 

0.09 

Width of ocellus 

3 

0.05-0.08 

0.07 

Ocellus from eye 
Diameter of antennal 

10 

0.02-0.08 

0.04 

fossa 

1 

0.23 

0.23 

Length of antenna 

4 

2.03-2.49 

2.24 

Length of postclypeus 

1 

0.18 

0.18 

Width of postclypeus 

3 

0.31-0.44 

0.37 

Length of pronotum 

10 

0.46-0.59 

0.52 

Width of pronotum 

11 

0.71-1.04 

0.88 

Length of hind tibia 
Length of forewing from 

12 

0.93-1.22 

1.09 

costal suture 

10 

6.58-8.74 

8.01 

Width of forewing 

13 

1.74-2.59 

2.34 

Width of hind wing 

4 

1.74-2.32 

2.17 


third, third usually slightly shorter than fourth, 
terminal article nearly as long as first. 

Pronotum length more than half its width, 
narrower than head, front margin somewhat 
irregularly curved with slight indentation in 
middle, sides moderately converging toward 
rear, hind margin conspicuously indented in 
middle with rounded lateral lobes. Wings rather 
sharply rounded at tips; costal margin of each 
slightly convex or nearly straight; inner margin 
slightly convex, nearly straight in middle. Wing 
membrane reticulated between major veins and 
branches, particularly in outer two-thirds; 
thickenings (five to six) resemble vertical cross 
veins between costal margin and R in outer 
fourth of wing; thickenings between R and M 
tend to slant at angle of 20 to 45 degrees, but 
other thickenings irregular. Humeral suture of 
forewing evenly and moderately curved from 
costal end to M and less curved from M to inner 
margin, or somewhat sinuate with short curve 
at inner margin. These variations may be due to 
abnormal positions or distortions of wing. 

Specimens: All specimens known are from 
Baltic amber of Lower Oligocene age (fig. 6, 
no. 1). The major deposits are from the Samland 
Peninsula, U.S.S.R., latitude about 54°55'N., 
longitude about 20° 00' E. (formerly East Prussia), 


but pieces of amber are also found on the south 
shores of the Baltic Sea and North Sea coast of 
Denmark in many localities. Baltic amber is 
secondarily deposited in its matrix and may have 
originated in Scandinavia from forests of an 
earlier age. The Oligocene period started about 
38 million years ago. Langenheim (1969, pp. 
1157, 1159, 1161) assigned Baltic amber to 
Eocene or Eo-Oligocene age, and discussed the 
botanical origin and paleoecology. Exact 
dating has not yet been possible by K/Ar iso¬ 
topes because of the low potassium content of 
amber. Most authors assign Baltic amber to 
Lower Oligocene, largely from floristic and 
faunistic inclusions. Pine is most often considered 
to be the source, but Langenheim (1969) 
believed the data are inconclusive. He pointed 
to references suggesting a tropical or subtropical 
amber forest, and also suggested the possibility 
of an araucarian rather than a pine source, 
particularly because of the large quantities of 
amber produced. The presence of large numbers 
of Reticulitermes antiquus and the rare R. minimus 
are strong indicators of a temperate climate close 
to the Mediterranean temperatures of the present, 
and the fossil Archotermopsis tornquisti Rosen is a 
close relative of A. wroughtoni (Desneux) living 
in temperate climates at high elevations in 
northern India, Pakistan, and Afghanistan. 
The three living genera of the Termopsinae are 
confined to temperate climates, and the two 
wholly fossil genera in Baltic amber and Lower 
Oligocene shales at Florissant, Colorado, are 
associated with fossil Reticulitermes. 

In the following list of specimens, all previous 
identifications were checked and all new identi¬ 
fications were made by Emerson unless other¬ 
wise stated. 

Female imago, “ Termes antiquus ” (det. H. 
Hagen, Menge Coll., MCZ 3903); female 
imago, “ Termes antiquus ” (det. H. Hagen, 
Menge Coll., MCZ 3900); imago, “ Termes 
antiquus ” (det. H. Hagen, Menge Coll., MCZ 
3901); dealate male, “ Termes antiquus ” (det. 
H. Hagen, Menge Coll., MCZ 3902); imago 
(det. K. von Rosen, AMNH); female imago 
(det. K. von Rosen, AMNH); imago, FMNH; 
imago, FMNH; imago, wings, FMNH; fore¬ 
wing, FMNH; apical portions of four wings, 
Danmark (coll. G. Braendstrup, MM 1955-93); 
imago with two separated forewings and one 
hind wing, Danmark (coll. C. V. Henningsen, 
UZM, Nov. 19, 1959); two dealates in two 
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amber pieces, Danmark (coll. C. V. Henning- 
sen, July 8, 1965); dealate, Blaavand, 55°33'N., 
8°08 , E., Danmark (coll. Marcher, MM 1920- 
19); dealate, Danmark (coll. C. V. Henning- 
sen, UZM, Jan. 16, 1961); male imago, Sam- 
land (Germany) (coll. Schumann, MM 1963— 
981); imago, Preussen, Germany, MM 1865— 
435; two dealates in one piece of amber, 
Danmark (coll. C. V. Henningsen, UZM, 
May 17, 1963); female imago, Danmark (coll. 
C. V. Henningsen, UZM, Mar. 27, 1954); 
three wings without bases, Danmark (coll. 
C. V. Henningsen, UZM, Dec. 1, 1966); 
dealate, Preussen, Germany MM; apical wing 
fragment UZM; dealate, Danmark (coll. C. V. 
Henningsen, UZM, Nov. 21, 1960); imago, 
Preussen, Germany, 1865, MM; female dealate, 
Danmark (coll. C. V. Henningsen, UZM, 
Jan. 1, 1966); male imago, Preussen, Germany 
UZM 1865-755; imago, Danmark (coll. C. V. 
Henningsen, UZM, May 16, 1956); imago, 
Danmark (coll. C. V. Henningsen, UZM, May 
16,1956); imago, Danmark (coll. C. V. Henning¬ 
sen, UZM, May 31, 1961). 

Reticulitermes minimus Snyder 

Reticulitermes minimus Snyder, 1928, p. 516 (imago), 
fig. 1 (imago); Snyder, 1935, p. 13, fig. 4 (imago); 
Staatz, 1939, table 4; Snyder, 1949, p. 366 
(synonymy); Weidner, 1955, pp. 67, 70 (imago), 
pi. 3, fig.9 (imago); Weidner, 1968,p. 18 (mention). 
Leucotermes (Reticulitermes) minimus: Armbruster, 1941, 
pp. 26, 41 (systematics). 

All published illustrations are photographs. 
The details of the forewing are illustrated by 
Weidner (1955). 

Snyder (1949, p. 366), and Weidner (1955, 
p. 67) incorrectly cited the original name as 
Leucotermes ( Reticulitermes ) minimus. Rosen (1913) 
recognized three species of the subgenus Reticuli¬ 
termes in his collections of Baltic amber, one of 
which is a synonym of Parastylotermes robustus 
(Rosen), another is the common Reticulitermes 
antiquus (Germar), and the third, Leucotermes 
(. Reticulitermes) borussicus Rosen, was compared 
to the relatively small Reticulitermes virginicus 
(Banks) from eastern and southern United States 
but was not otherwise described. Weidner 
(1955, p. 67) relegated Leucotermes ( Reticuli¬ 
termes) borussicus Rosen (1913, p. 331) to nomen 
nudum> and the name is invalid because of 
inadequate description of the species. It is 
possible that L. (R .) borussicus is the same species 


as Reticulitermes minimus. The Rosen Collection 
in the Bayerische Staatssammlung, Munich, 
Germany, was destroyed during World War II. 
The author examined the Rosen Collection 
in 1927, made some notes on types, and ex¬ 
changed specimens of both living and fossil 
species, but has no record of Leucotermes ( Ret¬ 
iculitermes) borussicus Rosen. 

Imago : Head dark castaneus brown; antenna 
light brown; postclypeus lighter than top of 
head. Pronotum yellow brown, lighter than head. 
Wings smoky; costal region darker than rest. 
Tibiae not dark. Colors of fossils probably not 
true life colors, but those of R. minimus apparent¬ 
ly have taxonomic value. 

Long hairs on head, antennae, margins of 
pronotum, and wing scales. No hairs seen on 
wing margins, veins, or membranes. 

Head elongate, sides without eyes slightly 
convex. Ocellus indistinct, longer than wide, 
about its width removed from eye. Antenna 
with 13 to 14 articles. All other species of 
Reticulitermes have a larger number of antennal 
articles. The small number is derivative and 
possibly associated with small general size. 

Pronotum with front margin nearly straight; 
hind margin with shallow emargination; sides 
nearly straight in front of round junctions with 
hind margin. Wing venation and reticulations 
similar to R. antiquus but differing in its much 
smaller size. Cu with 10 primary branches and 
no secondary branches. 

Remarks: The measurements are not wholly 
accurate because of the position and distortion 


TABLE 7 

Measurements (in Millimeters) of Imagoes of 
Reticulitermes minimus Snyder 


Holotype 

Wings 

Total length 

6.15 

— 

Length of head 

0.90 

— 

Width of head with eyes 

0.57 

— 

Maximum diameter of eye 

0.22 

— 

Length of ocellus 

0.06 

— 

Width of ocellus 

0.04 

— 

Ocellus from eye 

0.04 

— 

Length of pronotum 

0.37 

— 

Width of pronotum 

0.52 

— 

Length of forewing scale 

0.50 

— 

Length of forewing from costal 



suture 

3.94 

4.61 

Width of forewing 

1.25 

1.60 
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of the specimens. The author has remeasured 
the holotype and finds the new measurements 
close to those of Snyder (1928). R. minimus , 
apparently one of the smallest termites known, 
if not the smallest, is much smaller than any 
other species of Reticulitermes . Small size is an 
evolutionary derivative character (table 2). It 
appears that this species is rare compared with 
R. antiquus in the same amber deposits. 

Specimens: Three known specimens are from 
Lower Oligocene Baltic amber, roughly about 
38 million years old, from the southern coasts 
of the Baltic Sea, probably from Samland, 
U.S.S.R., latitude 54°55'N., longitude 20° 00'E., 
fig. 5, no. 2. Holotype imago, USNM 41546; 
wings (det. A. Emerson), FMNH. Imago de¬ 
scribed and figured by Weidner (1955) (coll. 
Scheele, GS 706), not examined. 

The climate of the amber fauna and flora is 
discussed herein under Reticulitermes antiquus. 

Reticulitermes fossarum (Scudder) 

Eutermes fossarum Scudder, 1883, p. 143 (imago); 
Scudder, 1890, p. 115 (imago), pi. 12, fig. 20 
(imago); Handlirsch, 1906-1908, p. 700 (synon¬ 
ymy); Rosen, 1913, p. 327 (included in the Meta- 
termitidae); Snyder, 1925, pp. 160, 161 (imago); 
Statz, 1939, table 4. 

Eutermes meadii Scudder, 1883, p. 144 (imago); 
Scudder, 1890, p. 115 (imago), pi. 12, figs. 12, 17 
(imago); Handlirsch, 1906-1908, p. 700, (synon¬ 
ymy); Snyder, 1925, p. 160 (imago). 

Leucotermes Meadii: Rosen, 1913, p. 327 (remarks); 
Snyder, 1926, p. 3 (mention); Staatz, 1939, table 
4; Armbruster, 1941, pp. 26, 41 (imago). 
Nasutitermes (Tenuirostritermes) fossarum : Snyder, 1925, 
p. 161 (synonymy). 

Reticulitermes fossarum: Emerson, 1933, p. 192 (syn¬ 
onymy); Snyder, 1949, p. 365 (synonymy); 
Snyder, 1950, p. 191 (mention). 

Reticulitermes meadii : Snyder, 1950, p. 191 (mention). 
Leucotermes fossarum: Armbruster, 1941, pp. 26, 41 
(imago). 

The above citations do not include subse¬ 
quent species names with initial capital letters, 
or those with endings i or ii. The several generic 
names reflect the lumping of large numbers of 
presently recognized genera under a few names, 
particularly in the nineteenth and early twen¬ 
tieth centuries, and the early difficulty of dis¬ 
tinguishing genera of imagoes, particularly 
fragmentary fossils of the Rhinotermitidae and 
Termitidae. The author has reviewed and 
reaffirmed his earlier decision to place the two 


names proposed by Scudder in synonymy. The 
overlapping characters and measurements indi¬ 
cate a single species, although it would not be 
impossible for two or more species of Reticuli¬ 
termes to occur in the same geographical locality 
at the same time. Reticulitermes flavipes (Kollar), 
R. tibialis Banks, and R. arenincola Goellner 
are found close together in the Michigan and 
Indiana dunes bordering Lake Michigan, 
although each occupies a somewhat different 
ecological habitat. These species hybridize with 
each other or with other species in the southern 
parts of their ranges and may be subspecies. 
Reticulitermes antiquus and R. minimus occur 
together in Baltic amber. 

Imago: Y-suture present in paralectotype 
MCZ 4111. Ocellus distinct, about half its 
diameter from eye. Antenna with 15 visible 
articles, probably more in life, third to seventh 
shorter than others. Left mandible with first 
and second marginal teeth about equal as in 
Reticulitermes , but angle between apical and first 
marginal tooth appears sharper than in R. 
flavipes except in one specimen, MCZ 273. 
Subsidiary tooth of right mandible not seen, 
although surely present in life. 

Pronotum with front margin straight or 
slightly concave, slight indentation in middle; 
sides rounded, converging toward rear; hind 


TABLE 8 

Measurements (in Millimeters) of Eight Imagoes 
of Reticulitermes fossarum (Scudder) 



No. 

Range 

Length with wings 

2 

9.21- 

10.15 

Length without wings 

2 

6.77- 

7.71 

Length of head with mandibles 

3 

1.2S- 

1.54 

Width of head 

5 

1.03- 

1.26 

Diameter of eye 

7 

0.26- 

0.33 

Length of ocellus 

1 

0.06 

Width of ocellus 

1 

0.04 

Ocellus from eye 

5 

0.02 

Length of postclypeus 

1 

0.09 

Length of pronotum 

5 

0.46- 

0.60 

Width of pronotum 

4 

0.93- 

1.11 

Length of costal margin of 




forewing scale 

2 

0.63- 

0.68 

Length of entire forewing scale 

3 

0.77- 

0.85 

Length of forewing with scale 

5 

6.71- 

8.93 

Length of forewing from costal 




suture 

6 

6.58- 

8.08 

Width of forewing 

5 

1.71- 

2.19 

Length of hind wing with scale 

1 

7.44 
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margin with distinct shallow notch. Angle of 
notch of hind margin of mesonotum less than 
right angle. Angle of notch of metanotum about 
equal to right angle. Forewing scale probably 
reaching hind margin of mesonotum, costal 
margin slightly convex in one specimen, MCZ 
274. Humeral suture of forewing evenly and 
moderately curved or somewhat sigmoid in 
MCZ 274. Pilosity of wings invisible. Reticula¬ 
tions of wing membrane not clear. Vein R 
unbranched and parallel to costal margin. 

Cercus with two articles in MCZ 5176. 
Styli possibly present in male MCZ 5176. 

Comparisons: The lectotype resembles R. 
Jiavipes in all visible generic characters including 
shape of head, size and prominence of eye, 
dentition of mandibles, thoracal nota, size of 
wing scales, shape of wing, and venation. 

Specimens: Nine specimens are known, all 
from the volcanic ash shale, Lower Oligocene, 
Florissant (latitude 38°56'N., longitude 105° 
19'W.), Colorado (fig. 5, no. 3), in the fossil 
insect collection of the Museum of Comparative 
Zoology. It is now believed that the Oligocene 
epoch covered a period of time from 38 to 26 
million years ago. Former assignment of the 
Florissant shales to the Miocene by many 
authors including Emerson (1969) is in error 
(Epis and Chapin, 1968; Epis, 1969; Boffey, 
1969). H. D. MacGinitie (personal commun. 
June 11, 1969) assigned the shale beds to Lower 
Oligocene by means of K/Ar isotope dates of 
volcanic rocks below the fossil beds about 40 
million years old, and above the beds about 
34 million years old. Estella B. Leopold (per¬ 
sonal commun. June 17, 1969) said that John 
Obradovich of the U.S. Geological Survey 
dated the volcanic tuff that blocked an old 
drainage to form the lake at Florissant, and 
underlies the fossil beds, between 38 and 40 
million years ago. The lava that overlies the 
lake sediments is 34.8^1.4 million years old. 
Paul R. Stewart (personal commun.) assigned 
the Florissant fossil beds to the Brule horizon 
between 30 and 35 million years old on the 
basis of an index fossil oreodont tooth. The 
fossil animals including the termites, and the 
flora indicate a moderate temperate climate 
somewhat warmer than that of the present at 
the same elevation of 8178 feet or 2493 meters. 

Lectotype and paralectotypes were chosen 
from the following type series determined by 
S. H. Scudder as “Eutermes”fossarum: Lectotype 


imago, Scudder 6049, MCZ 271; paralectotype 
imago, Scudder 7393, MCZ 4111; paralecto¬ 
type imago, Scudder 14980, MCZ 273; para¬ 
lectotype imago, Scudder 2329(?), MCZ 
269. Four specimens determined by Scudder as 
“ Eutermes meadii ,” from which Emerson chose 
the lectotype and paralectotypes as follows: 
Lectotype imago, Scudder 19M, MCZ 272; 
paralectotype imago, Scudder 31, MCZ 275; 
paralectotype imago, Scudder 1203(?), MCZ 
5176; paralectotype imago, Scudder 8062, 
MCZ 274. Another specimen determined by 
Scudder, 6100, as a worker of “ Eutermes sp.,” 
is a poorly preserved dealate with eye, ocellus, 
and wing scale, redetermined as Reticulitermes 
fossarum within the measurements of the species 
(table 8) by Emerson, MCZ 285. 

Reticulitermes holmgreni (Statz), 
new combination 
Figure 7 

“ Termes” holmgreni Statz, 1939, pp. 18, 35, table 4 
(imago placed in the Termitini), pi. 8, fig. 36, pi. 9, 
figs. 37, 38 (imago); Armbruster, 1941, pp. 26, 40 
(imago); Snyder, 1949, p. 370 (uncertain position, 
mandibles indicate the Rhinotermitidae). 

“ Termes” aethiops Statz, 1939, pp. 19, 35, table 4 
(imago placed in the Termitini), pi. 9, figs. 39, 40 
(imago); Snyder, 1949, p. 369 (uncertain position). 
“ Termes” blandus Statz, 1939, pp. 19, 35, 40, table 4 
(forewing placed in the Termitini), pi. 9, figs. 41, 42 
(forewing); Armbruster, 1941, p. 32 (imago); 
Snyder, 1949, p. 369 (uncertain position). 

“ Termes” concinnus Statz, 1939, pp. 20, 35, 41, table 4 
(wing), pi. 10, figs. 43, 44 (wing); Armbruster, 
1941, p. 28 (imago); Snyder, 1949, p. 369 (un¬ 
certain position). 

“Termes” contractulus Statz, 1939, pp. 20, 35, table 4 
(wing placed in the Termitini), pi. 10, figs. 45, 46 
(wing); Snyder, 1949, p. 369 (uncertain position). 
“Termes” adustus Statz, 1939, pp. 20, 35, table 4 
(wing placed in the Termitini), pi. 10, figs. 47, 48 
(wing); Armbruster, 1941, p. 26 (imago); Snyder, 
1949, p. 369 (uncertain position). 

“Termes” atomus Statz, 1939, pp. 21, 35, 40, table 4 
(wing placed in the Termitini), pi. 10, figs. 49, 50 
(wing); Armbruster, 1941, pp. 26, 32 (imago); 
Snyder, 1949, p. 369 (uncertain position). 

“Termes” spp.: Weidner, 1968, pp. 18, 19, 20 (re¬ 
marks) . 

Armbruster (1941) suggested placing 4 ‘ Termes 5 5 
holmgreni in the Mesotermitidae (=Rhino¬ 
termitidae) near Rhinotermites Armbruster, a 
genus in need of reexamination and validation. 
The following description (fig. 7) leaves no 
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Fig. 7. Reticulitermes holmgreni (Statz). A. Head, pronotum, fore¬ 
wing and hind wing scales from below, dealate imago (No. 11-9). 
B. Left mandible, imago, holotype (No. II-l). 


doubt that “ Termes 5 5 holmgreni belongs to 
Reticulitermes. The distinctions described under 
several names by Statz are herein judged to be 
within the normal range of variation of both 
fossil and living species of Reticulitermes , with the 
possible exception of the holotype forewing of 
“ Termes ” concinnus , length of forewing from 
costal suture 7.71 mm., width 2.32 mm. The 
other synonyms of Reticulitermes holmgreni have 
a range of length of the forewing from 9.40 to 
11.09 mm., and widths from 2.56 to 3.41 mm. 
Although these ranges are greater than usual 
among species of the genus, the author considers 
all names proposed by Statz in the above syn¬ 
onymy as most probably belonging to the same 
species. 


Imago: Y-suture of head visible. Eye (fig. 7 A) 
relatively small, subtriangular. Ocellus large, 
close to eye. Antennal fossa larger than ocellus. 
Antenna with about 17 articles, exact number 
not known. Left mandible (fig. 7B) with first 
and second marginal teeth of equal length. 
Right mandible (No. II-9) with distinct sub¬ 
sidiary tooth at apical base of first marginal 
tooth. 

Pronotum (fig. 7A) front margin with some¬ 
what convex sides; median notch small with 
angle about 135 degrees; front side margins 
rounded; sides converging toward rear; hind 
margin with convex sides and distinct median 
notch with an angle about 135 degrees. Indis¬ 
tinct legs visible. Forewing scale (fig. 7A) larger 
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TABLE 9 

Measurements (in Millimeters) of Imagoes of 
Reticulitermes holmgreni (Statz) 



No. 

Range 

Width of head 

2 

1.16- 1.33 

Length of eye 

3 

0.29- 0.37 

Length of ocellus 

2 

0.16- 0.20 

Width of ocellus 

1 

0.13 

Ocellus from eye 

1 

0.01 

Length of antennal fossa 

1 

0.29 

Length of pronotum 

3 

0.55- 0.76 

Width of pronotum 

3 

1.10- 1.16 

Length of hind tibia (estimate) 
Length of costal margin of 

1 

1.22 

forewing scale 

Length of forewing from costal 

2 

0.87- 0.98 

suture 

7 

7.71-11.09 

Width of forewing 

Length of costal margin of hind 

9 

2.32- 3.41 

wing scale 

1 

0.61 

Width of hind wing 

1 

3.23 


than hind wing scales, apparently not over¬ 
lapping base of hind wing scale (No. 11-9). 
Costal margin of forewing scale convex at front 
and rear portions, straight in middle. Humeral 
suture sinuate in one specimen (No. 11-9), but 
slightly curved near costal end and straighter 
from R to inner end in other specimens (Nos. 
II-1, II-2). Variations of humeral suture 

probably result from different positions. Outer 
four-fifths of costal margin of forewing slightly 
convex in middle, strongly convex toward tip 
(No. II-8). Reticulations of wing membrane 
well preserved in one specimen (No. 11-7), but 
are less clear in other specimens. Separate 
Sc lacking beyond suture, but base of costal 
margin is thickened in some specimens; R un¬ 
branched, parallel to costal margin and of 
equal length. M weaker than R, halfway 
between R and Cu or slightly closer to Cu in 
middle, reaching tip of wing, either single or 
branched in apical fourth. Cu with several 
primary branches (6-12) ending at inner margin, 
longest branch extending near tip of wing; 
occasionally with secondary branches. Lower 
numbers of visible branches of Cu are probably 
due to fragmentation or poor preservation. 

Specimens : Nine imagoes or separated wings, 
upper Middle Oligocene beds, Rott (latitude 
50°44'N., longitude 7°15'E., fig. 5, no.4), east 
of Bonn, West Germany, collected and originally 
determined by Statz, redetermined by Emerson, 


in the Los Angeles County Museum, Los 
Angeles, California. The author does not know 
the exact age of the Rott beds. Holotype 
imago, “ Termes ” holmgreni , Statz, 1939, pi. 8, 
fig. 36, pi. 9, figs. 37, 38, No. II-1; holotype 
imago, “ Termes ” aethiops, Statz, 1939, pi. 9, 
figs. 39, 40, No. II-2; holotype forewing with 
reverse impression, “ Termes ” blandus , Statz, 
1939, pi. 9, figs. 41, 42, No. II-3; paratype hind 
wing with reverse impression, “ Termes ” blandus , 
No. II-4; holotype forewing, “ Termes 55 concinnus , 
Statz, 1939, pi. 10, figs. 43, 44, No. II-5; holo¬ 
type forewing, “ Termes 55 contractulus , Statz, 1939, 
pi. 10, figs. 45, 46, No. II-6; holotype forewing 
with reverse impression, Statz, 1939, “ Termes 55 
adustus , Statz, 1939, pi. 10, figs. 47, 48, No. II-7; 
holotype forewing, “ Termes ” atomus , Statz, 
1939, pi. 10, figs. 49, 50, No. II-8; dealate, 
“Termes ?sp.” No. II-9. 

Reticulitermes creedei Snyder 

Reticulitermes creedei Snyder, 1938, p. 109 (wing), 

pi. 13, fig. 3 (wing); Snyder, 1949, p. 365 (synon¬ 
ymy); Snyder, 1950, p. 191 (mention). 

Leucotermes (.Reticulitermes ) sp. Armbruster, 1941, 

pp. 13, 26, 41 (systematics). 

Holotype Forewing: Costal and inner ends 
of humeral suture invisible; middle moderately 
curved. Costal margin of wing beyond suture 
slightly convex in middle, well preserved; 
inner margin not well preserved. Reticulations 
of membrane and venation agree with generic 
description. Sc beyond suture probably absent, 
region broken; R apparently has one or two 
superior branches near broken tip, but these 
may be membranous thickenings between R and 
costal margin and not true veins. M parallel to 
R through most of its length, much closer to R 
than to Cu: branched at least once in outer 
portion, reaching close to wing tip; a branch or 
membrane thickening ends near R: apparent 
inferior branch probably a membrane thicken¬ 
ing, not extending to tip; not clearly joined to 
M at its base. Cu with about 14 inferior branches 
and one secondary branch; base not clear; 
distinctions between branches and membrane 
thickenings not clear. 

Measurements: Estimated length of wing 
from costal suture, 7.95 mm.; widest width of 
preserved fore wing, 1.69 mm. 

Remarks : The rock containing the wing 
impression is split, one face is the underside of 
most of the forewing without the tip (Snyder, 
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1938, pi. 13, fig. 3), and the other is the upper 
side of the same wing, tip only. The length of the 
major portion from the costal suture is 6.39 
mm., to which should be added 1.56 mm., the 
length of the tip. Snyder (1938) gave the length 
of the wing as 6.5 mm. He probably measured 
the major portion only, including a short 
portion of the attached scale. Snyder question¬ 
ably identified the specimen as a hind wing, but 
separation of R and M at the base is character¬ 
istic of a forewing. Snyder separated the species 
from R. fossarum on the basis of his measure¬ 
ments, but the new measurements are close 
to those of R. fossarum. The structural data are 
insufficient to distinguish R. creedei from R. 
fossarum , or to place them in synonymy. Herein 
the names are separated because of the age 
difference and the localities. 

Specimen: The Creede beds are considered 
as Upper Oligocene or about 26 million years 
old (Leopold, 1967, p. 232; Steven, Mehnert, 
and Obradovich, 1967; MacGinitie [personal 
commun.]; Estella B. Leopold [personal com- 
mun.]). The included fauna and flora indicate an 
elevation of at least 1829 meters (6000 ft.) at 
the time of fossilization. The Florissant beds are 
more than 164 kilometers (100 miles) from 
Creede. The climatic conditions at Creede 
during the Oligocene were probably warm 
temperate. 


The unique holotype forewing was found in 
Upper Oligocene beds of rhyolite tuffs formed 
from volcanic ash, Willow Creek near Creede 
(latitude 37°52'N., longitude 106°56'W.), 
Colorado (fig. 5, no. 5), (det. T. E. Snyder, 
MCZ 4472a, 4472b), lent for redescription by 
Frank M. Carpenter. 

Reticulitermes laurae Pierce 
Figures 8-9 

Reticulitermes laurae Pierce, 1958, pp. 20-21 (wing), 
pi. 5, fig. 3, pi. 6, fig. 8, pi. 9, fig. 10 (wing and 
nodule). 

Reticulitermes tibialis dubitans Pierce, 1958, p. 21 
(wing), pi. 5, fig. 4 (wing). 

Reticulitermes sp.: Pierce, 1958, p. 21 (wing frag¬ 
ment) . 

Although only fragments of wings have been 
found, all characters fit Reticulitermes. The 
temperate climate at the time of fossilization 
also is within the ecological range of Reticuli¬ 
termes. Measurements and venation are within 
the range of variation of a single species, so all 
wings of Reticulitermes from the same geological 
stratum are herein assigned to R. laurae Pierce. 
The fossil subspecies of a living species is not 
based upon sufficient evidence. No known 
Tertiary fossil species exists at present, although 
it is possible that some Pleistocene copal ter¬ 
mites are indistinguishable from modern species. 



Fig. 8. Reticulitermes laurae Pierce, wing, holotype (LACM 912). Photograph by Los Angeles 

County Museum of Natural History. 
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Fig. 9. Reticulitermes laurae Pierce, forewing, paratype (LACM 494). Photograph by Los Angeles County 

Museum of Natural History. 


Widely separated localities and different geo¬ 
logical ages provide sufficient reproductive iso¬ 
lation within continuing populations to assume 
separation of species, although fragmentary 
fossils often lack reliable key characters. 

Forewings and Hind Wing: Humeral 
suture of two forewings (Nos. 494, fig. 9; 913) 
moderately curved, preservation not exact, 
complete or clear. Membrane thickenings (fig. 8) 
between veins in apical portions resemble 
cross veins, vertical or slanting relative to axis 
of neighboring veins (No. 912, fig. 8). R close 
and parallel to costal margin. M midway 
between R and Cu. One paratype (No. 494, 
fig. 9) with at least 11 primary and one second¬ 
ary branches of Cu. Pierce figured and de¬ 
scribed secondary branches of Cu in some 
specimens. One hind wing (No. 1907) with R 
and M joined close to humeral suture, suture 
shorter and straighter than in forewings. 

Measurements: Pierce estimated length of 
wings of two specimens as 10.3 mm. and 10.6 
mm. Width of wings of two holotypes measured 
by Emerson, about 2.20 to 2.37 mm. 

Specimens: Five fragmentary wings including 
holotypes of species and subspecies named by 
Pierce (Nos. 912, 376); and several paratypes 
(Nos. 494, 862, 913), in bluish nodules, Lower 
Miocene lake beds, Calico Mountains (latitude 
34°49'N., longitude 116°57'W.), California 
(fig. 6, no. 6), Los Angeles County Museum of 
Natural History. In addition, photographs of 
eight specimens (Nos. 376, 494, 496, 547, 862, 
912, 913, 1907) were checked and compared 
by the author. The Miocene epoch covered a 
period of time from 26 to seven million years 
ago. 


Reticulitermes hartungi (Heer) 

Termes Hartungi Heer in Hagen, 1858a, p. 181 
(imago); Heer, 1865, pp. 360, 368 (imago), 
fig. 230 (imago); Heer, 1876, pp. 14, 22 (rela¬ 
tions) ; Handlirsch, 1906-1908, p. 700 (synonymy). 
Leucotermes Hartungi: Rosen, 1913, p. 326 (remarks); 
Snyder, 1925, chart; Snyder, 1926, p. 3 (mention); 
Pongragz, 1931, p. 106 (remarks); Statz, 1939, 
table 4. 

Leucotermes {Reticulitermes) hartungi: Armbruster, 1941, 
pp. 26, 41 (synonymy). 

Heterotermes hartungi: Snyder, 1949, p. 364 (synon- 
ymy). 

Reticulitermes hartungi: Emerson, 1965, p. 28 (synon- 
ymy). 

No character is inconsistent with the assign¬ 
ment of the species to Reticulitermes , and the 
geological deposit indicates a warm temperate 
climate. Hagen, Heer, and Rosen related the 
species to Reticulitermes (=“ Termes” or “Leu¬ 
cotermes”) lucifugus (Rossi). 

Lectotype Imago : Dark portions visible with 
many flaked spots where the structure is in¬ 
visible. 

Head elongate, sides somewhat straight. Eye 
proportionally small, slightly projecting beyond 
the sides of head. Left ocellus apparently close 
to eye, proportions of eye and ocellus not clear. 
Antenna with 12 articles, incomplete; second (?) 
article short, about equal length of third and 
fourth; eleventh nearly twice length of third. 
Basal portion of left mandible visible, dentition 
not clear. 

Portions of pronotum distinct, apparently 
much narrower than head, proportions not 
clear; front margin flatly and evenly concave. 
Forewing scale slightly overlaps narrow rounded 
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base of hind wing scale, about one-fourth to 
one-third longer than hind wing scale. Wings 
folded, forewings and hind wings overlapping 
in specimen; middle of forewing near tip of 
abdomen. R distinct, thickness equal to costal 
margin. M less pigmented than R, extending 
to tip of wing, closer to Cu than to R. Cu 
branches reach inner margin below tip of wing. 

Measurements: Total length of imago from 
front of head to tips of wings, 12.5 mm. 

Specimen : Lectotype imago selected by 
Emerson labeled “Type zu Heer, Termes 
Hartungi Urwelt I. Schweiz 1865, p. 368, fig. 
230 =Leucotermes Hartungi (Heer) Rosen revid. 
1913,” Eidgenossischen Polytechnikums, 
Zurich, Switzerland. The rock fossil has no 
locality label, but is presumed to be from Upper 
Miocene shale found in Switzerland near 
Oeningen (latitude 47° 38'N., longitude 8° 53' E), 
Baden, Germany (fig. 6, no. 7). References to 
Radoboj, Croatia, Yugoslavia in the biblio¬ 
graphy are probably in error. It is improbable 
that the same species would occur in these 
geographically and geologically separated locali¬ 
ties, one from Upper Miocene, and the other 
from Lower Miocene. 

Reticulitermes dofleini (Armbruster), 
new combination 

(Leucotermes) dofleini Armbruster, 1941, pp. 24, 25, 

26 (imago). 

The original description is inadequate, and no 
other specimens have been examined and 
assigned to this species. Tentative inclusion in 
Reticulitermes is justified from the few known 
characters and the comparisons to other species 
in the genus. 

Type Imago: Head slightly wider than 
pronotum. Sides of pronotum straight toward 
the rear; hind margin straight. Forewing scale 
large, overlapping hind margin of mesonotum. 
Hind wing scale reaching hind margin of meta- 
notum. Costal margin of forewing conspic¬ 
uously bowed, possibly due to distortion. 
Wing tip sharply bent. Sc and Ri absent. 
R (=Rs) running to tip of wing. 

Measurements : Length of forewing probably 
including scale, 9.8 mm.; width of forewing, 
2.5 mm. 

Type Specimen: Probably lost. Armbruster 
described the species from a photograph of an 
imago collected in Upper Miocene shales, 
Randeck, near Stuttgart (latitude 48°47'N., 


longitude 9°12'E.), Wurttemburg, Germany 
(fig. 6, no. 8). 

STYLOTERMITINAE HOLMGREN AND 
HOLMGREN 

The subfamily Stylotermitinae K. and N. 
Holmgren (1917, p. 141) includes the living 
genus Stylotermes K. and N. Holmgren, and the 
wholly fossil genus Parastylotermes Snyder and 
Emerson (Snyder, 1949, pp. 366, 378). The 
synonymy, relations, and distribution of the 
Stylotermitinae are discussed by Snyder (1949, 
pp. 75, 366, 378), Ahmad (1950, pp. 53, 56, 
fig. 7), Weidner (1955, pp. 67, 70), Emerson 
(1955, pp. 507, 509, 516), and by Chatterjee 
and Thakur (1964, pp. 149, 159) who raised the 
subfamily to family rank. Emerson (1965, pp. 
17, 38) included the Stylotermitidae as a 
synonym of the Stylotermitinae. Yu and Ping 
(1964a, 1964b) recognized the subfamily, but 
incorrectly excluded the genus Operculitermes 
herein regarded as a synonym of Stylotermes. 
Several other authors refer to living taxa within 
the subfamily. 

A few characters of Parastylotermes are not 
preserved sufficiently well for accurate compari¬ 
sons, and these are questioned in the following 
list of numbered characters (table 1). Of the 
31 characters of the imago of the hypothetical 
ancestral genus of the Rhinotermitidae, both 
genera of the Stylotermitinae possess the follow¬ 
ing numbers: 1, 3, 4, 5(?), 8, 9, 12, 16, 17(?), 
19, 20, 23, 25, 26 and 30. Both genera are 
derivative in imago characters 2, 13 (?), 15, 18, 

22 (probably), 24, and 28 (some exceptions). 
Also one of the included genera has primitive 
characters of the imago (table 1) numbered 
6, 7, 10, 11, 14, 21, 27, and 29. The soldier of 
Stylotermes is primitive (table 1) in the following 
numbered characters: 32, 33, 35, 36, 37, 40, 
43, 45, 47, and 49; and derivative in 34, 38, 
39, 41, 42, 44, 46, 50 (probably), and 51. 

Although the Coptotermitinae and Stylo¬ 
termitinae each have primitive and derivative 
characters not possessed by the other subfamily, 
one or both genera of the Stylotermitinae have 

23 primitive imago characters of the 31 listed 
(table 1), and 11 primitive soldier characters. 
Apparently neither subfamily was directly 
evolved from the other, but the Coptotermitinae 
have 26 of the 31 listed primitive imago charac¬ 
ters, compared with 23 imago characters of the 
Stylotermitinae. In general, the imago of the 



288 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


VOL. 146 


Stylotermitinae is slightly less primitive than 
the imago of the Coptotermitinae, whereas 
the soldier of the Stylotermitinae with 11 of the 
20 listed primitive characters is close to the same 
primitive level as the soldier of the Coptotermi- 
tinae with 10 listed primitive characters. It is 
concluded that the Coptotermitinae and Stylo¬ 
termitinae are close to each other in level of 
primitiveness, that both are more primitive 
than the other subfamilies of the Rhinotermi- 
tidae, and that each has evolved along divergent 
paths since its origin from an unknown Mesozoic 
ancestor. The relations of the Stylotermitinae to 
the Psammotermitinae and Heterotermitinae 
can be deduced from the primitive and deriva¬ 
tive characters listed under Coptotermes and the 
Heterotermitinae. 

The proportionally larger first marginal tooth 
compared with the second marginal tooth of 
the left mandible of Stylotermes is a derivative 
character found in all genera of the Rhino- 
termitinae with the notable exception of 
Prorhinotermes. In all other subfamilies and 
genera of the Rhinotermitidae, the first marginal 
tooth is proportionally smaller than the second, 
with the exception of Reticulitermes in which 
these teeth are essentially equal. The combina¬ 
tion of other characters in both the imago and 
soldier castes indicates that the similarity of the 
dentition of the left imago mandible of Stylo¬ 
termes is analogous to that of the majority of the 
genera of the Rhinotermitinae. The more 
primitive left imago mandible of Prorhinotermes 
is homologous to the dentition of all other 
subfamilies except the Stylotermitinae. An 
alternative hypothesis requires the separation 
of Prorhinotermes as a separate subfamily, and 
the division of the Stylotermitinae from the 
Rhinotermitinae after the separation of Pro¬ 
rhinotermes. There are some groupings of charac¬ 
ters that fit such a hypothesis, particularly 
reductions that are often analogues rather than 
homologues. However, the preponderance of 
evidence supports the phylogenetic inferences 
diagrammed in figure 1. 

In order to analyze the relations and phy- 
logeny of the fossil genus Parastylotermes, it is 
necessary to redescribe and give the synonymy 
of the living genus Stylotermes. 

STYLOTERMES HOLMGREN AND HOLMGREN 

Type Species: Stylotermes Jletcheri Holmgren 
and Holmgren. 


Stylotermes Holmgren and Holmgren, 1917, pp. 141, 
143; Emerson, 1928, p. 406; Snyder, 1931, p. 317; 
Snyder, 1934, pp. 24, 27; Snyder, 1949, p. 75; 
Grasse, 1949, p. 534; Ahmad, 1950, pp. 44, 53, 54; 
Emerson, 1955, p. 509; Ahmad, 1958, pp. 59, 72; 
Harris, 1961, p. 64; Chatterjee and Thakur, 

1963, p. 635 (included in Stylotermitidae with 
Sarvaritermes) ; Chatterjee and Thakur, 1964, 
pp. 159, 160, 161; Krishna, 1970, p. 138. 

Operculitermes Yu and Ping, 1964b, pp. 344, 345, 359, 
360, 361 (type species 0. sinensis Yu and Ping). 
Sarvaritermes Chatterjee and Thakur, 1963, p. 635 
(description inadequate, included in Styloter¬ 
mitidae with Stylotermes) ; Chatterjee and Thakur 

1964, pp. 149-162 (type species S.faveolus Chatter¬ 
jee and Thakur); Chatterjee, Sen-Sarma, and 
Thakur, 1964, p. 273; Chatterjee and Thakur, 
1967, pp. ii, 2, 4, 19; Roonwal, 1970, p. 335. 

Taxonomy 

The above revision of the genus includes six 
living species (fig. 10). The author has examined 
imagoes of S. Jletcheri and S. chakratensis Mathur 
and Thapa (1963), and soldiers and workers of 
S. chakratensis , S. Jletcheri , and S. bengalensis 
Mathur and Chhotani. Only the descriptions 
and figures of S. latilabrum (Tsai and Chen, 
1963, 1964), new combination; S. minutus 

(Yu and Ping, 1964b), new combination; 
S. sinensis (Yu and Ping, 1964b; and three 
subspecies, S. s. sinensis (Yu and Ping, 1964b), 
new combination; S. s. inclinatus (Yu and Ping, 

1964b), new combination; and S. s. latipedunculus 
(Yu and Ping, 1964b) have been examined, 
without reference to specimens. Stylotermes 
Jletcheri and S. chakratensis have numerous species 
differences, but assignment to two different 
genera seems unwarranted. The change in the 
generic classification of the species included in 
Operculitermes by Yu and Ping is tentative. The 
description and figures of the imago of Oper¬ 
culitermes sinensis are neither accurate nor 
complete, and it is possible that examination of 
specimens may necessitate the resurrection of the 
generic name. The author is skeptical of the 
validity of species and subspecies from the same 
general locality such as Hainan Island. 

The following description of the imago caste 
is an attempt to combine the characters from the 
known species for the purpose of comparison 
with the wholly fossil imagoes of Parastylo¬ 
termes. 

Imago : Head and pronotum somewhat 
hairy, more so than Parastylotermes. Wings with 
few or no hairs on margins, veins, or membranes, 
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wing pilosity similar to that of Parastylotermes , 
less hairy than Coptotermes , Heterotermes, or 
Termitogeton. 

Head shape round or widely oval, similar 
to that of Parastylotermes. Y-suture stem and part 
of lateral branches sometimes visible. Fontanelle 
opening small. Eye medium-size, proportionally 
smaller than eye of Parastylotermes. Ocellus 
distinct, less than its width from eye, possibly 
farther from eye than in Parastylotermes. Antenna 
with 18-22 articles. Postclypeus shorter than in 
Parastylotermes : median longitudinal line present 
or absent. Left mandible with apical tooth 
distinctly larger than first marginal tooth, and 
first marginal much larger than second marginal. 

Pronotum with sides converging toward 
rear, or with rounded sides (S. sinensis ); hind 
margin barely emarginate. Tibial spurs 3/2/2. 
Tarsal articles three in specimens examined in 
both Stylotermes and Parastylotermes. The figure 
of the tarsus of S. sinensis (Yu and Ping, 1964b, 
figs. 1-6, II-5) showed four tarsal articles, but 
so many inaccuracies in these figures necessitate 
re-examination of specimens. Shape of costal 
margin of forewing near humeral suture more 
convex than in Parastylotermes. Veinlets occur 
between costal margin and R in apical three- 
fourths to seven-eighths of forewing, whereas 
veinlets are conspicuous only in apical two- 
fifths of wing in Parastylotermes ; veinlets between 
R and M generally verticle, but slanting in 
Parastylotermes ; veinlets may or may not form a 
longitudinal pseudovein between R and M. 
Veinlets in wing of S. sinensis (Yu and Ping, 
1964b, fig. II-6) more slanting than in other 
species of Stylotermes , approaching the degree of 
slanting seen in all species of Parastylotermes. 
Wing membrane has minute punctations similar 
to Parastylotermes; smaller, less dense, and less 
regular than in Heterotermes. Humeral suture of 
forewing somewhat irregular, curved toward 
apex near Sc, curved toward base near inner 
margin, with both convex and concave portions 
between R and inner margin. Sc short in fore¬ 
wing of S. Jletcheri cotype from Coimbatore, 
India, although Sc is not shown by Mathur and 
Chhotani (1959, fig. 3g). Sc present in S. 
chakratensis and Parastylotermes robustus , but not 
figured in forewing of S. sinensis (Yu and Ping, 
1964b, fig. 11-6). R strong, single, closely parallel 
to costal margin contrasting with gradual 
divergence in Parastylotermes. M much closer to 
Cu in examined specimens than in Parastylo- 


termes , although variation occurs in its position in 
Parastylotermes. Yu and Ping (1964b, fig. II-6) 
indicated M proportionally farther from Cu in 
both forewing and hind wing of S. sinensis 
than in examined species of Stylotermes , thus 
approaching position of M in Parastylotermes. 
M extending to tip or nearly to tip of wing, 
distinctly straighter or concave through most of 
its length than in Parastylotermes. Variation in 
branching of M and Cu is admirably illustrated 
by Chatterjee and Thakur (1964, fig. 1), who 
also show the common pattern within the species 
and probably within the genus. Cu has 16-22 
inferior primary branches in various species, 
some branches occasionally with secondary 
branches, wheareas Cu has 10-13 primary 
branches and an occasional secondary branch 
in Parastylotermes. R and M in hind wing fused 
for a short distance beyond humeral suture 
similar to Parastylotermes. Short anal vein beyond 
suture of hind wing joins branch of Cu, but 
does not end at hind margin (figured but not 
labeled by Chatterjee and Thakur, 1964, figs, 
lb, Id, If, lh,andlj). 

So far as is known, styli absent in both sexes 
in Stylotermes and Parastylotermes (few specimens 
examined). 

Phylogeny 

The evidence that Stylotermes and Parastylo¬ 
termes are related is convincing. The numbered 
primitive characters of the imago (table 2) 
shared by both genera are: 6, 11, 14, 16, 20, 
22, 23, 24, 27, 29, 30, 33, and 35. The numbered 
derivative characters of the imago (table 2) 
shared by both genera are: 2, 3, 4, 17, 19, 21 (?), 
26(?), 28, 32, 36. Stylotermes is more primitive 
than Parastylotermes in the listed characters 
(table 2): 1, 8, 9, 15, 18, and 25; and is more 
derivative in characters: 10, 12 (?), 13, 31, and 
34. The small number of species and individ¬ 
uals examined and the gaps in some of the 
descriptions do not provide sufficient informa¬ 
tion about comparative primitiveness, but the 
conclusion is drawn that each genus has rela¬ 
tive primitive and derivative characters in 
comparison of one to the other, so the assump¬ 
tion that each evolved from an unknown 
primitive ancestral genus of the Stylotermi- 
tinae is warranted. The separation of the two 
genera occurred at least by Eocene times (fig. 1). 

Ecological Distribution 
The distribution of the known species (fig. 10) 
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Fig. 10. Distribution of the living genus Stylotermes. 
No. 1. S. fletcheri Holmgren and Holmgren. No. 2. 

»S', bengalensis Mathur and Chhotani, type locality. 
No. 3. S. chakratensis Mathur and Thapa; S. bengalensis 
Mathur and Chhotani. No. 4. S. latilabrum (Tsai and 
Chen). No. 5. S. sinensis sinensis (Yu and Ping); 
S. sinensis inclinatus (Yu and Ping); S. minutus (Yu and 
Ping). The type locality of S. sinensis latipedunculus 
(Yu and Ping), Nan-xi, Yunnan, not located nor 
included. 

shows the genus to be tropical and subtropical in 
contrast to the wholly temperate distribution 
of its fossil relative, Parastylotermes (fig. 11). 
Stylotermes is confined to the tropical Oriental 
Region or to the southern borders of the 
temperate Palearctic Region. Portions of Yun¬ 
nan and the southern coast of China are tropical 
or subtropical, with an associated termite 
fauna that clearly is derived from the adjoining 
tropics, or is actually in tropical pockets. With 
the exception of the Hodotermitidae, temperate 
adjustments are ecologically derivative among 
termites, and Stylotermes apparently had its 
origin in the tropics. 

Time and Plage of Origin 
The hypothesis that Stylotermes originated 
from an unknown genus in the tropical Oriental 
Region in Eocene times or earlier is more 
probable than any alternative. 

PARASTYLOTERMES SNYDER AND EMERSON 
Stylotermes: Snyder, 1931, p. 317. 

Parastylotermes Snyder and Emerson in Snyder, 1949, 
pp. 366, 378; Emerson, 1955, p. 507; Weidner, 
1955, pp. 67, 70, 73; Weidner, 1968, p. 20. 

Type Species: Stylotermes washingtonensis 
Snyder. 

Taxonomy 

Parastylotermes includes four fossil species from 
Lower Oligocene Baltic amber and Miocene 


shales or calcareous nodules from western 
United States. The genus is distinct from the 
living Stylotermes , but is fairly closely related. 
However, there is always some question con¬ 
cerning generic assignments of species known 
only from wings or fragments. The redescrip¬ 
tion of the genus below is taken largely from the 
well-preserved amber specimens of the imago 
of Parastylotermes robustus (Rosen), with some 
additional wing characters from other species. 

Imago: Head, pronotum, and forewing scale 
with scattered rather long bristles, without 
many short hairs. Wings with few hairs on 
costal margin and veins, and none on mem¬ 
branes. 

Head from above rather round; front flatly 
convex between ocelli, and depressed near 
fontanelle. Fontanelle not clearly seen in any 
specimens, but apparently medium-sized and 
round in lectotype; clouded area obscures 
opening. Eyes large, prominent, slightly tri¬ 
angular or oval, more oval than in Heterotermes 
or Reticulitermes . Ocellus large, prominent, close 
to eye. Antenna with 16 to 17 articles. Post- 
clypeus medium short, arched, profile in line 
with top of head, not prolonged; distinct 
longitudinal line in middle; posterior margin 
evenly and distinctly convex from above; 
proportions not clear because of position in 
amber, but roughly one-third to one-fifth as 
long as wide. Labrum rounded in front, tongue¬ 
shaped. Dentition of mandibles unknown. 

Pronotum wide and flat, shallow longitudinal 
groove in middle; front margin slightly concave 
or nearly straight with slight indentation in 
middle; front margin slightly raised; sides not 
markedly depressed, convexly rounded from 
above and evenly joined to posterior margin; 
hind margin distinctly emarginate with a 
shallow angle in middle; anterior and posterior 
side angles convexly rounded. Hind margin of 
mesonotum fairly straight. Tibial spurs 2/2/2. 
Tarsi with three articles. Forewing scale larger 
than hind wing scale, resembling proportions 
of most genera of the Rhinotermitidae; costal 
margin of forewing scale slightly convex. Hum¬ 
eral suture relatively straight in middle and 
curved toward base of wing at both costal and 
inner ends. Costal margin of forewing beyond 
suture concave for short distance to junction 
of Sc, and thereafter convex. Wing membrane 
with small microscopic dots or punctations 
without radiating extensions; less or about as 
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dense, but less large and definitive as those of 
Heterotermes or Coptotermes. Membrane between 
major veins and branches with rather strong 
thickenings or veinlets, more regular and often 
vertical to neighboring vein or costal margin 
(figs. 14, 15), tending to slant between R and M 
in relation to long axis of wing; thickenings 
stronger and more numerous than in Reticuli- 
termes. Sc short, joining costal margin just 
beyond suture as in Stylotermes. Veins more 
separated in outer portion of wing than at base. 
R single, diverging gradually from costal margin 
in contrast to parallelism of R and costal 
margin in Stylotermes. M about halfway between 
R and Cu or closer to Cu, convex through most 
of its length and particularly in apical fourth of 
wing, extending to inner margin near tip of 
wing, usually single or with only one branch 
near tip. Cu extending to inner margin below 
tip of wing, with numerous inferior branches. 
Humeral suture of hind wing nearly straight; 
M and R joined near base beyond suture; 
short anal vein beyond suture in well-preserved 
wings, not fusing with first branch of Cu as in 
Stylotermes. 

Cerci and styli not seen due to poor preser¬ 
vation. 

Comparisons : The relations of Stylotermes and 
Parastylotermes are discussed under the Styloter- 
mitinae and the genus Stylotermes. Psammotermes 
has more numerous and longer hairs on head 
and pronotum; pilosity of wings beyond sutures 
about the same. Eye of Psammotermes proportion¬ 
ally smaller; ocellus distinct, small, and close 
to eye; antenna with 15 to 16 articles. Wing 
membrane of Psammotermes covered with minute 
chitinous dots, sometimes irregular in shape 
but never forming distinct micrasters. M joining 
R at base of hind wing of Psammotermes when 
present; when M is absent, Cu joins R beyond 


suture. Psammotermes has reticulations or indis¬ 
tinct veinlets between R and M or between R 
and Cu, thickenings resembling cross veins 
in outer portion of wing between costal margin 
and R. Heterotermes with more hairs on wing 
margins; wing membrane punctations more 
dense, larger, and more regular than in Para¬ 
stylotermes. Prorhinotermes with ocellus close to 
eye; wings similar to those of Parastylotermes. 
Postclypeus of Prorhinotermes proportionally lon¬ 
ger and more prominent than in Parastylo¬ 
termes. 

Phylogeny 

In addition to the phylogenetic relations 
discussed under the Stylotermitinae and the 
genus Stylotermes , Parastylotermes is more primi¬ 
tive than Stylotermes in the numbered characters 
of the imago (table 2): 10, 12, and 13; and is 
more derivative in characters: 1, 8(?), 9, 15, 
and 18. 

Ecological Distribution 
The localities of the known four fossil species 
of Parastylotermes are all north of latitude 30° N., 
in both Europe and North America (fig. 11). 
The association with fossil Reticulitermes in 
Oligocene Baltic amber, and in the Middle 
Miocene lake deposits of the Calico Mountains, 
California, is indicative of warm temperate 
climates at the time of fossilization. 

Time and Place of Origin 
The larger number of fossil species in North 
America is probably not a significant clue to the 
place of origin. The Lower Oligocene fossil 
species in amber possibly suggests an Old World 
origin supported by the distribution of its 
closest ally, Stylotermes (fig. 10). The speculation 
that Parastylotermes arose from an unknown 
Oriental tropical genus in the Eocene or earlier 
fits the facts, but the evidence is insufficient 
for any firm conclusion. Temperate genera 
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Fig. 11. Distribution of the fossil genus Parastylotermes. No. 1. P. 
robustus (Rosen), Lower Oligocene. No. 2. P.frazieri Snyder, Middle 
Miocene. No. 3. P. calico Pierce, Middle Miocene. No. 4. P. washington- 
ensis (Snyder), Upper Miocene. 
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could have dispersed across a Bering land bridge 

in either direction during most of the Tertiary. 

Parastylotermes robustus (Rosen) 

Figures 12-14 

Leucotermes ( Reticulotermes ) [mc] robustus Rosen, 1913, 
p. 331 (imago). 

Leucotermes ( Reticulitermes) robustus: Snyder, 1925, 
chart. 

Reticulitermes robustus: Snyder, 1926, p. 4 (mention). 

Leucotermes robustus: Statz, 1939, table 4; Arm- 
bruster, 1941, p. 26 (probably subgenus Reticuli¬ 
termes) . 

Parastylotermes robustus: Snyder, 1949, pp. 366, 378 


(synonymy); Weidner, 1955, pp. 67, 70 (imago), 
text fig. 7 (imago), pi. 3, figs. 11, 12 (imago). 

Although the description and figures by 
Weidner (1955) are excellent and sufficient for 
species identification of Baltic amber termites, 
P. robustus is redescribed below and illustrated 
for more detailed comparisons of the species 
and genus. Generic characters of Parastylotermes 
already described from the imago of P. robustus 
under the genus are not repeated. 

Imago: Weidner (personal commun.) de¬ 
scribed the color of the head as black with light 



Fig. 12. Parastylotermes robustus (Rosen), head and pronotum, imago, 

lectotype. 
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Fig. 13. Parastylotermes robustus (Rosen), restoration of head and pronotum from above and side of head, imago. 


hairs; antennae, pronotum, tibiae, and wing 
scales red brown. 

Head and pronotum (figs. 12, 13) with 
scattered long bristles without many short 
hairs, longest bristle on head, 0.23 mm., longest 
on pronotum, 0.20 mm. Femora and tibiae 
with thick almost spinelike hairs. Forewing 
scale with few long bristles. Five short hairs 
on R in apical portion of lectotype. Hind wing 
with few hairs, a single hair beyond humeral 
suture on costal margin of lectotype. 

Head (figs. 12, 13) proportionally wide and 
round; sides without eyes convex. Y-suture not 
seen. Side margins of eyes strongly convex from 


above; eye less than one-third its diameter from 
lower margin of head capsule. Outer edge of 
ocellus strongly convex from above, without 
ocellar ridge at upper edge. Antenna of lecto¬ 
type with 17 articles. Weidner (1955, p. 68) 
recorded 16 to 17 articles with third longer 
than fourth. Lectotype antennal articles with 
third shorter than second, second about equal 
to fourth. 

Forewing (fig. 14) with M single, closer to 
Cu than to R in middle, not so close to Cu as in 
StylotermesJietcheri. Cu with 10 branches reaching 
inner margin of one forewing and 12 branches 
in one hind wing; one or two branches at suture 
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Fig. 14. Parastylotermes robustus (Rosen), left forewing slightly distorted, apical three-fourths 

bent downward, lectotype. 


not joined to main stem in one forewing; hind 
wing with M and R joined beyond suture; 
short anal vein present. 

Comparison: Forewing shorter and wider 
than that of Parastylotermes washingtonensis. 

Specimens : Three imagoes and four separated 
wings are known, all from Baltic amber of Lower 
Oligocene age: Two imagoes, lectotype and 
paralectotype selected by Weidner (1955, p. 68), 
probably from Samland Peninsula, U.S.S.R., 
near latitude 54°55'N., longitude 20°00'E., 
“Leucotermes robustus Cotype” (det. Rosen, 
Parastylotermes robustus redet. Emerson), the 
American Museum of Natural History. The 
original type series was in the Rosen Collection 
in the Bayerische Staatssamlung, Munich, 
Germany. Rosen borrowed many fossil termites 
from various institutions preparatory for a 
monograph, and most of these were destroyed 
during World War II. Emerson visited Rosen 
in Munich, Germany, in 1927, made notes on 
the collections of both living and fossil species. 
Rosen was doubtful of his generic assignment of 
“Leucotermes robustus ” and gave the cotypes 
herein described to the author for further study. 
Other specimens incorporated in the foregoing 
description are: Four homolectotype wings (det. 
and compared by Emerson, coll. C. V. Henning- 
sen), March 6, 1958, Denmark, Universitetets 
Zoologiske Museum, Copenhagen. These wings 
are folded and bent, venation and proportions 
poorly preserved, scales and humeral sutures 
absent, forewing and hind wings not disting¬ 
uished. Visible venation, thickenings, micro¬ 
scopic punctations of wing membrane, and lack 
of hairs conform to P. robustus , and not to any 
other known genus or species in Baltic amber. 
One wing is 2.86 mm. wide. The imago de¬ 
scribed by Weidner (1955, pp. 67-68, fig. 7), 


Geologischen Staatsinstituts, Hamburg, Ger¬ 
many, is included in the foregoing description, 
but the specimen was not examined by the 
author. 

Parastylotermes frazieri Snyder 

Parastylotermesfrazieri Snyder, 1955, p. 79 (forewing), 
fig. 1 (photograph of forewing). 

Holotype Forewing: Humeral suture evenly 
TABLE 10 

Measurements (in Millimeters) of Lectotype 
and Paralectotype Imago of Parastylotermes robustus 
(Rosen) 


Length of entire head (estimate) 

Length of head to hind margin of 

1.59 

postclypeus 

1.06 

Width of head with eyes 

1.53 

Width of head between ocelli 

0.94 

Maximum diameter of eye 

0.45-0.47 

Length of ocellus 

0.18 

Width of ocellus (estimate) 

0.15 

Ocellus from eye (estimate) 

0.02-0.03 

Length of postclypeus 

0.10-0.16 

Width of postclypeus (estimate) 

0.50-0.59 

Length of pronotum 

0.58 

Width of pronotum (estimate) 

1.04-1.08 

Length of hind tibia 

1.39-1.41 

Maximum length of forewing scale 

Length of costal margin of forewing 

1.02 

scale 

1.01 

Length of forewing with scale (estimate) 
Length of forewing from costal suture 

9.40 

(estimate) 

8.27 

Width of forewing 

Widest width of space from costal 

3.17 

margin to R 

Space between R and M in middle of 

0.23 

forewing 

Space between M and Cu in middle of 

0.49-0.64 

forewing 

0.41-0.46 

Length of hind wing scale 

0.64 
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and moderately curved, apparently more curved 
than that of P. robustus (fig. 14); middle not 
clear but possibly similar to P. robustus. Mem¬ 
brane thickenings clearly illustrated in photo¬ 
graph (Snyder, 1955), markedly slanting bet¬ 
ween R and M relative to axes of veins. M about 
halfway between R and Cu in middle of wing, 
slightly closer to Cu in outer portion, position 
may distinguish P. frazieri from other species of 
genus; M extending to inner margin near 
wing tip. Cu with 13 primary branches and 
three secondary branches extending to inner 
margin, not reaching wing tip; primary branches 
and secondary branches of Cu resembling those 
of P. washingtonensis more closely than those of 
P. robustus. Length of forewing resembles that 
of P. robustus , shorter than in P. washingtonensis. 

Specimen : Holotype forewing, probably 
Middle Miocene about 17 million years old or 
older, in gray nodule of calcium carbonate in 
calcareous shale, Old Frazier Borax Mine, 
latitude 34°46 / N., longitude 118°59'W., north¬ 
west of Frazier Mountain, west of Lebec, Ven¬ 
tura County, California, USNM 62383. The 
image is reversed in the published photograph 
(Snyder, 1955, fig. 1). No mirror impression of 
the unique specimen is known. Only the basal 
half of the wing now remains, although the 
apical portion was described and photographed 
by Snyder. 

Parastylotermes calico Pierce 
Figure 15 

Parastylotermes calico Pierce, 1958, pp. 19-20 (wing), 

pi. 5, fig. 2, pi. 6, fig. 7 (wing and nodule). 

Holotype Wing : Shape resembles other 
species of genus. The strongly convex outline 
of the inner margin near base illustrated by 
Pierce was not seen in the specimen when exam¬ 
ined by the author. Membranous thickenings 
between veins, particularly strong slanting 
veinlets between R and M, are characteristic 
of genus. R visible, but not clear. M single, 
closer to Cu than to R, resembling P. washington¬ 
ensis and P. robustus more closely than P. frazieri. 
Cu with 10 to 13 primary inferior branches, 
exact number not clear. Angles of branches 
from main stem of Cu near base sharper than 
figured by Pierce (1958, pi. 5, fig. 2), and 
branches more gradually slanting toward inner 
margin. Secondary branches of Cu resembling 
those of P. washingtonensis and P. frazieri more 
than those of P. robustus. 


TABLE 11 

Measurements (in Millimeters) of Holotype 
Forewing of Parastylotermes frazieri Snyder 


Length of humeral suture 0.75 

Length of wing (Snyder estimate) 10.00 

Length of basal fragment from suture 5.70 

Width of wing near middle 2.74 

Width between costal margin and R near 

middle 0.10 

Width between R and M near middle 0.26 

Width between M and Cu near middle 0.26 


Measurements: Estimated length of wing 
by Pierce, 12.14 mm., probably not significantly 
different from P. washingtonensis , 11.5 mm., but 
possibly significantly longer than that of P. 
frazieri , 10.00 mm., or P. robustus , 9.40 mm. 
Length of wing fragment (Pierce), 7.80 mm. 
Width of wing estimate, 3.28 mm. 

Remarks: The basal fragment of the wing 
(fig. 15) is not sufficiently well preserved to be 
sure whether it is a forewing or a hind wing, 
but the lack of an anal vein, and the width near 
the base indicates that it is a forewing. Whether 
M is separate near the suture as in the forewing, 
or joined to R as in the hind wing, cannot be 
seen in the specimen. Variability in size, frag¬ 
mentary or poor preservation, and distortions 
of specimens, make species distinctions un¬ 
reliable. The position of M, and the secondary 
branches of Cu are considered of taxonomic 
value. The author agrees with Pierce in classify¬ 
ing the wing as a separate species, although 
there is no adequate distinction between P. 
calico and P. washingtonensis from the Upper 
Miocene. 

Specimen: Holotype basal half of wing, 
Middle Miocene lake bed about 17 million 
years old or older, Switchback Canyon in 
northwest quarter of section 19, altitude 
2700-3000 ft. or 823-915 meters, Yermo 
Quadrangle, near latitude 35°00'N., longitude 
116°51'W., Calico Mountains, San Bernardino 
Co., California (coll. Wilma Webster), April 
12, 1957, LACM 533, type No. S 9094, nodule 
No. 5485. Pierce (1959) discussed the details 
of the geology and methods of study of the 
nodules with fossils. 

Parastylotermes washingtonensis (Snyder) 

Stylotermes washingtonensis Snyder, 1931, p. 317 (wing), 
pi. 1, fig. 5 (wing); Snyder, 1935, p. 11, fig. 2 
(wing); Statz, 1939, table 4; Zalessky, 1939, pp. 
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Fig. 15. Parastylotermes calico Pierce, fragment of basal half of wing, holotype (LAGM 553). Photograph by 

Los Angeles County Museum of Natural History. 


54, 81 (wing), text fig. 31 II (wing); Armbruster, 

1941, p. 5 (wing). 

Parastylotermes washingtonensis: Snyder, 1949, pp. 366, 

378 (synonymy); Snyder, 1950, p. 191 (mention). 

Holotype Forewing: Humeral suture appar¬ 
ently present and similar to that of P. robustus 
(fig. 14). Thickenings, veinlets, or reticulations 
of membrane numerous, conspicuous in most 
parts of wing except between costal margin and 
R in basal third; thickenings between costal 
margin and R in outer third slightly slanting 
relative to long axis of wing, but close to vertical 
relative to R; thickenings between R and M 
slanting relative to axis of wing, similar to those 
of P. robustus ; numerous veinlets join to form a 
longitudinal veinlet similar to that of P. robustus ; 
thickenings between M and Cu nearly vertical 
relative to veins. Sc possibly present. R single, 
parallel to costal margin, extending nearly to 
wing tip. M single, ending near wing tip, 
possibly branched (difficult to differentiate 
branch of M from membranous thickenings in 
specimen). Cu with 12 to 15 primary branches 
and two additional secondary branches. 

Remarks: The subcostal vein of Snyder 
(1931, p. 317) equals R in the above description. 
Snyder includes 20 branchlets of M at the inner 
margin that probably are true branches of Cu 
together with membranous thickenings. Snyder 
was not sure that the holotype is a fore wing. 
The present author concludes that the wing is a 
forewing because the base in the region of the 
humeral suture is relatively wide, M is a separate 
vein near the suture, and there is no indication 
of an anal vein. The forewing of Parastylotermes 


TABLE 12 

Measurements (in Millimeters) of Holotype 
Fore wing of Parastylotermes washingtonensis (Snyder) 


Length of wing from costal suture (estimate) 10.72 
Width of wing 3.29 

Maximum width between costal margin and R 0.32 
Maximum width between R and M 0.69 

Maximum width between M and Cu 0.41 


would be expected to have a short Sc, but the 
preservation is poor in this region of the speci¬ 
men. The veins stand out on top, an indication 
that the wing is a right forewing. The photo¬ 
graph (Snyder, 1931, pl.l, fig. 5) has reversed 
the image. 

Specimen : Holotype right forewing, Latah For¬ 
mation reported as Upper Miocene, near Spo¬ 
kane, latitude 47°40'N., longitude 117°25'W., 
Washington, MCZ 2943 ab. 

Standley E. Lewis (personal commun.) who 
has studied fossil insects from the Latah For¬ 
mation, dated the stratum between 21.3 and 
12.1 million years by the K/Ar method (Gray 
and Kittleman, 1967). Carpenter (1931, pp. 
307-308) suggested that the age is close to that 
of the Florissant beds of Colorado on the basis 
of associated flora and fauna, but recent K/Ar 
dating places the Florissant beds in Lower 
Oligocene. Carpenter believed that the Latah 
fossils lived in a temperate climate similar to 
that of the present latitude, but with a well- 
distributed annual rainfall of around 30 to 40 
inches. Streams flowed into valleys that were 
dammed by lava flows to form lakes and ponds. 




REMARKS ON THE FOSSIL TERMITES OF RANDECK 


During the later stages of the prepara¬ 
tion of this article, Herbert Weidner of the 
Zoologisches Staatsinstitut und Museum, Ham¬ 
burg, West Germany, informed me about a 
long-neglected paper by Ludwig Armbruster 
(1941). Probably because of the disruption of 
scientific cooperation resulting from World War 
II, the descriptions of many new genera and 
species from the Upper Miocene of Randeck 
near Stuttgart, Germany, have not been in¬ 
cluded in more recent reviews and catalogues of 
fossil termites. 

Unfortunately, Armbruster (1941) used an 
early and presently out-dated classification, and 
failed to describe and illustrate the species with 
sufficient detail to allow a modern taxonomist 
to place them in their proper systematic and 
phylogenetic positions. At the same time, there 
are strong indications that a reexamination of 
the specimens, particularly the dentition of the 
left mandibles, would enable adequate classifi¬ 
cation and a better notion of the ecological and 
evolutionary relationships of these fossil ter¬ 
mites. Possibly the Armbruster collection is 
deposited in an institution in Stuttgart. If the 
collection was lost during World War II or 
later, it may be many years before new collec¬ 
tions are made and described. In the meantime, 
the systematic position of almost all the genera 
and species is unknown or doubtful. In a few 
cases, species are tentatively assigned to known 
genera. Four families seem to be represented. 

Mastotermites stuttgartensis Armbruster prob¬ 
ably belongs to Mastotermes or to the question¬ 
able genus Miotermes of the family Mastoter- 
mitidae, and possibly is a synonym of Miotermes 
randeckensis Rosen (Emerson, 1965, p. 36). 

Calotermes ( t Neotermites) roseni Armbruster and 
Calotermes (. Neotermites ) frischi Armbruster should 
be placed in synonymy under Proelectrotermes 
roseni (Armbruster) in the family Kalotermitidae. 
All the characters described and figured con¬ 
form to Proelectrotermes Rosen (Emerson, 1969, 
p. 14), and there is no distinguishing character 


to warrant a new subgeneric or generic name. 
The subgenus Glyptotermites Armbruster may 
belong to the Kalotermitidae, but the correct 
systematic position of Calotermes ( Glyptotermites) 
assmuthi Armbruster remains in doubt. 

Four species probably belong to the Rhino- 
termitidae. ( Leucotermes) dofleini Armbruster 
probably belongs to Reticulitermes dojleini (Arm- 
bruster) that is discussed in the revision of fossil 
Reticulitermes in the preceding pages. Rhino- 
termites Armbruster is described and includes 
three species, R. dzierzoni Armbruster, R. kiihni 
Armbruster, and R. wasmanni Armbruster. 
There is no doubt that the species belong to the 
Rhinotermitidae, but the validity of the genus 
and the distinction of the species are question¬ 
able. The inadequate description and figures 
are insufficient for assignment to a subfamily, 
and are not included in the preceding revision 
of fossil species. 

Species placed in the genera Metatermites , 
Eutermes , and Termes may belong to the Termi- 
tidae and an attempt to determine their generic 
position must await a later paper on fossil 
Termitidae. There is no apparent reason for 
erecting a new genus for Metatermites statzi 
Armbruster, and the genus and species must 
await redescription. The family name, Meta- 
termitidae Holmgren, is essentially the same as 
the Termitidae in recent literature. Eutermes 
Heer is nomenclaturally invalid. Armbruster 
described two species, E. nickeli and E. sachtle- 
bini , both of which are in doubtful position at 
present. Termes Linnaeus is a catch-all name 
as used by Armbruster and should not be con¬ 
fused with Termes as used by modern taxono¬ 
mists. Armbruster described Termes drabatyi , 
T. hauffi , T. korschefskyi , T. scheeri , T. scheuthlei , 
T. schleipi , T. sitzi , and T. weismanni , all of 
which are in doubtful position at present. A 
more critical study of the descriptions and 
figures of the species placed in Eutermes and 
Termes is planned. 
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SUMMARY 


The taxonomy, phylogeny, distribution, 
ecology, and time and place of origin of all 
subfamilies, and living and fossil genera of the 
Rhinotermitidae are discussed and diagrammed. 
Evolutionary processes and their underlying 
principles manifest in social populations and 
interspecies ecosystems are analyzed. Reciprocal 
phylogeny of termitophilous beetles (Staphy- 
linidae) and intestinal protozoa (Zooflagellata) 
provide circumstantial evidence for Paleozoic 
and Mesozoic origins of host-symbiote relations. 
Fifty-one characters of the ancestral genus 
of the Rhinotermitidae are postulated, and 64 
unidirectional evolutionary trends are listed. 
Mesozoic faunal exchanges preceding and 
following continental drift are discussed. The 
following Tertiary imago species and systematic 
groups are described, figured, mapped, and 
compared with their living relatives: the 
Coptotermitinae, Heterotermitinae, Stylotermi- 
tinae; Coptotermes , Heterotermes, Reticulitermes , 
Stylotermes , Parastylotermes; Coptotermes priscus , 
new species, Oligocene-Miocene amber, Dom¬ 
inican Republic; C. sucineus, new species Oligo¬ 
cene-Miocene amber, Chiapas, Mexico; Hetero- 
termes primaevus Snyder, Oligocene-Miocene 
amber, Chiapas, Mexico; Reticulitermes antiquus 
(Germar), Oligocene Baltic amber; R. minimus 
Snyder, Oligocene Baltic amber; R. fossarum 
(Scudder), Oligocene shale, Florissant, Colo¬ 
rado; R. holmgreni (Statz), new combination, 
Oligocene shale, Rott, Germany; R. creedei Sny¬ 
der, Oligocene shale, Creede, Colorado; R. laurae 
Pierce, Miocene nodules, Calico Mountains, 
California; R. hartungi (Heer), Miocene shale, 
Switzerland; R. dofleini (Armbruster), new 
combination, Miocene shale, Randeck, Ger¬ 


many; Parastylotermes robustus (Rosen), Oligo¬ 
cene Baltic amber; P.frazieri Snyder, Miocene 
nodule, California; P. calico Pierce, Miocene 
nodule, California; P. washingtonensis (Snyder), 
Miocene shale, Washington. The following 
names are placed in synonymy: Operculitermes 
Yu and Ping = Stylotermes Holmgren and 
Holmgren; Sarvaritermes Chatterjee and Thakur 
=Stylotermes Holmgren and Holmgren; Masto- 
termites stuttgartensis Armbruster =Miotermes 
randeckensis Rosen; Calotermes (. Neotermites ) roseni 
Armbruster and Calotermes ( Neotermites ) frischi 
Armbruster =Proelectrotermes roseni (Armbruster), 
new combination; ( Leucotermes ) dofleini Arm¬ 
bruster =Reticulitermes dofleini (Armbruster); 
“Termes” holmgreni Statz =Reticulitermes holm¬ 
greni (Statz); “ Termes” aethiops Statz= Reticuli¬ 
termes holmgreni (Statz); “ Termes” blandus Statz 
=Reticulitermes holmgreni (Statz); “ Termes” 
concinnus Statz =Reticulitermes holmgreni (Statz); 
“ Termes” contractulus Statz =Reticulitermes holm¬ 
greni (Statz); “ Termes” adustus Statz= Reticuli¬ 
termes holmgreni (Statz); “Termes” atomus Statz = 
Reticulitermes holmgreni (Statz); Reticulitermes 
tibialis dubitans Pierce =R. laurae Pierce. The 
systematic position is unknown for the follow¬ 
ing names: Calotermes ( Glyptotermites) assmuthi 
Armbruster; Rhinotermites Armbruster with in¬ 
cluded species R. dzierzoni Armbruster, R. kiihni 
Armbruster, R. wasmanni Armbruster; Metater¬ 
mites statzi Armbruster; Eutermes nickeli Arm¬ 
bruster, E. sachtlebini Armbruster; Termes drab- 
atyi Armbruster, T. hauffi Armbruster, T. 
korschefskyi Armbruster, T. schleipi Armbruster, 
T. sitzi Armbruster, and T. weismanni Arm¬ 
bruster. 
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